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PREFACE 

TO THE THIRTY-FIRST EDITION. 

The stefwiy demand for tliirty editions of this work, 
during the last twenty years, has called for frequent re- 
visions, lest it should fall behind the state of the science. 
In making the present revision — so rapidly has geology ad- 
vanced of late — we found it desirable to rewrite nearly the 
whole, as we have done.' We have also modified the plan 
not a little, to give it greater unity. Some of the old 
Sections have been left out, but more new ones added. 
The wood-cut illustrations have been increased from 208 
to 418. 

We have tried to reduce the size of the work, by leaving 
out every thing not indispensable. But the great amount 
of new matter and of new illustrations, as well as the ex- 
pansion of the typography to improve the appearance, have 
well nigh thwarted our efforts. We are aware that teach- 
ers sometimes can not find time to carry their pupils 
through the whole of a science which so abounds in facts 
and important applications as does geology. Two methods 
have been adopted by authors to meet this difficulty. One 
is, to leave out a large part of the science, and retain only 
the most striking and brilliant parts. But this is too much 
like attempting to perform the play of Hamlet with Ham- 
let left out. And teachers and pupils ought to know, that 
the study of such abridgments does not make them ac- 
quainted with geology, which still remains to be learned. 
We prefer to give a condensed view of the whole i^ubject, 
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and to designate the parts most important to be thoroughly 
studied, by a larger type. We have often, too, placed the 
most difficult reasoning in small type, that the teacher may 
allow those pupils not mature enough to master it to pass 
over it. He can also, when necessary, do the same with 
some whole sections ; say Part I., Section 6, on Metamor- 
phism ; Part II., Section 3, the Laws of PalaBontology ; 
and Section 4, the Inferences from the facts ; although in 
truth these parts, to those who mean to master the whole 
subject, are indispensable. Part IV., on Economical 
Geology, can also be omitted, as well as Part V., on 
American Geology. And it may be that some might prof- 
itably study the descriptive and phenomenal parts of the 
subject, who are too young to imderstand its religious ap- 
plications in Part III. Thus while we present the whole 
subject, both for the sake of teachers and private individ- 
uals who wish to study the science, we put it into such a 
shape that it can be accommodated to the age and time of 
the pupil, and also lead him to see that until he has mas- 
tered the whole, he does not understand geology. 

In this revision I have associated with me my youngest 
son, who has borne a large share in the work. As assist- 
ant in the geological survey of Vermont, a large part of 
the last three years has been devoted by him to the study 
of the rocks in the mountains, and in writing out their de- 
scriptions. Should it happen, as most likely it will, that 
this is the last revision of the work I shall ever make, and 
he should survive me, I trust he will be found fully com- 
petent to keep the work up to the advancing state of the 
science, should the public call for its continued publication. 

Edwabd Hitchcock. 

Ambxbst, Jvm 1, 1860. 
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INTRODUCTORY NOTICE 



TO ▲ FORMEB XDITIOK 



Bt dr. J. PTE SMITH, OP LONDON. 

Ik a manner unexpected and remarkable, the opportunity bas 
been presented to me of bearing a public testimony to the value 
of Dr. Hitchcock's volume, Elbmkntarv GEOLoar. This it 
gratifying, not only because I feel it an honor to myself, but 
much more as it excites the hope that, by this recommendation, 
theological students, many of my younger brethren in the evan- 
gelical minis^, and serious christians in general, who feel the 
duty of seeking the cultivation of their own minds, may be in^ 
duced to study this book. For them it is peculiarly adapted, as 
it presents a comprehensive digest of geological facts and the the- 
oretical truths deduced from them, disposed in a method admira- 
Uy perspicuous, so that inquiring persons may, without any dis- 
couraging labor, and by employing the diligence which will bring 
its own reward, acquire such a knowledge of this science as cannot 
&il of being eminently beneficial. It is no exaggeration to affirm 
that Geology has close rela|;ions to every branch of Natural His- 
tory and to all the physical sciences, so that no district of that 
vast domain can be cultivated without awakening trains of thought 
leading to geological questions ; and, conversely, the prosecution 
of knowledge in lliis department, cannot fail to excite the desire 
and to disclose the methods of making valuable acquisitions to the 
b^i^ of Jiuman life. In our day, through every degree of ex- 
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tensiveness, from the perambulation of a parisli to the exploring 
of an empire, travblino has become a " universal passion," and 
action too. Within a very few years, the interior of every conti- 
nent of the earth has been surveyed with an intelligence and ac- 
curacy beyond all example. Who can reflect, for instance, upon 
the activity now so vigorously put forth, for introducing European 
civilization, the arts of peace, the enjoyment of security^ and the 
influence of the most benign religion, into the long sealed terri- 
tories of Central Asia, and not be filled with astonishment and 
delightful anticipation? Similar labors are in progress upon 
points and in directions innumerable, reaching to the heart of all 
the other vast regions of the globe ; and the men to whom we 
owe so much, and from whom so much more is justly expected, 
are geologists, as well as transcendent naturalists in the other 
departments. Whoever would run the same career must possess 
the same qualifications. Even upon the smallest scale of provincial 
traveling for health, business or beneficence, acquainti^ice with 
natural objects opiens a thousand means of enjoyment and use- 
fulness. 

The spirit of these reflections bears a peculiar application to 
the ministers of the gospel. To the pastors of rural congregations, 
no meians of recreating and preserving health are compatable to 
these and their allied pursuits ; and thus, also, in many temporal 
respects, they may become benefactors to thdr neighbors. In 
large towns the establishment of libraries, lypeums, botaptc 
gardens, and scientific associations, is rapidly diffusing a taste for 
these kinds of knowledge. It would be a perilous iState for tho 
interests of religion, that "precious jewel" whoa^ essential qharr 
acters are "wisdom, knowledge, and joy," if its professional 
teachers should be, in this respect^ inferior to the. youpg and in- 
quiring members of their congregations. For those excellent p^n 
who give their lives to the noblest of labors, a wotk which would 
honor angels, "preaching atnong the headien theuiisoarcthiible 
richesof Christ ;^a competent acquaintance: with natural <>|>J6cts,i9 
of signal importance, for both ^cty and nsefiilnesft^ Thieyj^bo^ld 
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be aWe to dislinguisb mineral and vegetable products, so as to 
guard against tbc pernicions and determine tbe salubnous ; and 
very often geological knowledge will be fonnd of tbe first utility 
in fij^ing upon tbe best localities for missionary stations ; nor can 
tbfey bd iiisensible t6 the benefits of which they may be tbe agents, 
l)y communicating discoveries to Europe or tbe United States of 
America. '' 

To answer tbese purposes, and especirfly in tbe bands of the 
intelligent and studious ministers of Christ, this work of Pro- 
fessor Hitcbcock appears to me especially suited. Though 1 
flatter myiself that I have studied witb advantage tbe best English 
treatises on Geology, and find ever new improvement and pleasure 
from tbem; and have also paid some attention to French and 
German books of this class ; I think it no disparagement to them 
to profess my conviction that, witb the views just mentioned, this 
is the book which I long to sec brought into extensive use. The 
plan on which it is composed, is difierent from that of any other, 
so far as I know, in such a manner and to such a degree, that it 
is not an opponent or rival to any of tbem. Yet, in this arrange- 
ment of the matter, there is no afiectation : all is plam, consecu- 
tive, and luminous. It is more comprehensive with regard to the 
various relations and aspects of tbe science, than any one book 
witb which I am acquainted ; and yet, though within so moderate 
limits, it does not disappoint by unsatisfactory brevity or evasive 
generalities. Such is the impression made upon me by the fii*st 
edition of the " Elementary Geology," and I cannot entertain a 
doubt but that the ample knowledge and untiring industry of the 
author will confer every practicable improvement upon bis pio- 
posed new edition. 

I received a deep conviction of tbe Professor's extraordinary 
merits, from his " Report** upon the Geology, Botany, and Natu- 
ral History generally, 6f the Province of Massachusetts, made by 
tbe command of the State government ; a large volume, published 
in 1833, and the second edition in 1835 ; and from his papers in 
the ** American Biblical Repository,** which wer6 of great service 
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to me in composing a book on '* The Relation between the Holy 
Scriptures and some parts of Geological Science.'' Bat I did not 
till recently know that he was a ^^faithfol brother and fellow- 
laborer in the gospel of Christ.'' An edifying manifestation of 
this, it has been my privilege to receive in Dr. Hitchcock's *^ Es- 
say and Sermon on the Lessons taught by Sickness," prefixed to 
" A Wreath for the Tomb, or Extracts from Eminent Writers on 
Death and Eternity." It is my earnest prayer that great bless- 
ings from the God of all grace may attend the labors of my hon- 
ored friend. 

J. PYE SMITH. 

HOMSRTOK Ck^LLBOB, VZAR LOVDOUt, 

Maich 16^ 184L 
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PART I. 

DESCRIPTIVE AND DYNAMICAL GEOLOGY. 



SECTION !• 



GSNEBAL STBUCrUBB OF THE EABTH, JLKD PBINCIPLE8 
OP CLASSIFICATION. 

Gboloot, from the Greek y^ eartkj and Adyof, discourse^ is 
the history of the mineral masses that compose the earth, and of 
the organic remains which they contain. 

The two primary divinons of the science relate to the mineral masses and 
the organic remains: hence Part L will embrace exclusively the description 
of the structure and oomposition of the rocks, and the forces oonc^ned in 
their production. This is Descriptive and Dynamical OedUtgy, Part IL will 
treat of the character and distribution of organic remaina As Geology 
has an important bearing upon other subjects, we shall consider in Parts III. 
and IT. the Relations of Otology to ReUgum and to (he Economical interests of 
soday, Jl brief account of the Oeolcgical stmetwe </ North Amgrtca^ in 
Part v., will conclude the treatise. 

From these statements it will appear that an acquaintance with 
Chemistry axid Mineralogy is necessary for a thorough knowledge 
of the mineral masses of the earth, and an acquaintance with the 
structure of animals and plants, or Zoology and Botany^ for the 
study of the organic remains. We shall presume upon some 
knowledge of these hranches in the student 

Geology is a history, not merely in ^ sense of description, but as a record 
<^ events. It narrates the condition of things from the period previous to 
the existence of organic hfe, throu^ successive dynasties of more perfect 
races, to the dominion of man. Physical catastrophes, and the birth and 
extinction of races, are indelibly written upon the stony leaves of natures' 
vdumei But this record is much less pmfect than the written history of 
man. It is what the history of empires would have been, had our means of 
Icnowledge been confined to the works of man's art, like the sculptures ^f 
IfisieTsh and Sgypt^ obscurely fiisbioned by successive nations. 
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Every part of the globe, which is not animal or vegetable, in- 
eluding water and air, is regarded as mineral. 

The term rock, in its popular acceptation, embraces only the 
solid parts of the globe ; but in geological language it includes 
also the loose materials, the soils, clays, and gravels, that cover 
the solid parts. 

The Earth as a Whole. — ^The form of the earth is that of a 
sphere, flattened at the poles : technically, an oblate spheroid. 
The polar diameter is about 26 miles shorter than the equatorial. 
Not only does astronom/ prove this theoretically, but the mea- 
surement of the degrees of the meridian in different latitudes shows 
it to be true. 

Hence it is inferred that the earth must have been once in a 
fluid state ; since it has precisely the form which a fluid globe, re- 
volvmg on its axis with the same velocity as the earth, would 
assume. 

Taken as a whole, the earth is ^om five to six times heavier than 
water ; or 2.5 times heavier than common rocks. 

Proof 1. Careful observation upon the relative attracting power of par- 
ticular moontaina :«od the whoLer globe, iif ith a ceoitb seetpr. 2. The disturb- 
ing effect of Uie earth upon the heav^y bodiea 

We hence learn that the density of the earth increases from 
3ie surface to the centre ; but it does not ifbllow that the nature 
of the internal parts is different from its crust. For in consequence 
of condensation by pt^essure, water at the depth of 362 miles, 
would be as heavy as quicksilver; and Kir as heavy as Water at 
af4 miles in depth;; while at ;tiii centre, steel would be com- 
pressed into one fourth, and stone^ into one eigh& of its bulk at 
the surfEice. 

Configuration ii^ the surfhce.-rl^he&pif^B of the earth, as^ell 
beneath the Y)cean as on the dry land, is elevated into ridges and 
insulated peaks, with intervening~vall^s and {^ns. 

The highest m(>untain3 ai:e about 29,000 feet above the ocean 
level, and the mean height of the dry land is about 1,000 feet 

The highest moantain in Asia is Mt Everest, one of the HitniyayahB^ 
29,00^ feet; the iiigheM in Europe is Mt Blanc. 15, ^OO feet; the highest ni 
North America is Mt EQas, I7,8ft0 feet; the highest in South America is 
Aoonoagua, in Chile, 23,^10 feet The mean Jiifig^t of land in Asii^ i« 
1,100 feet; in Europe^ 600 feet; in Nortfa Ameiioa, 710 feet, and In ^»A 
America, 1,000 feet 
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Bottom 4^ the AilanUe Ocean, 



The mean depth of the ocean is probably between two and 
three miles. Fig. 1 represents the configuration of the bottom 
of the Atlantic Ocean between Southern Mexico and Northern 
Africa. 

Occasionally parts of the interior of a continent are below the 
ocean level. The Caspian Sea is 84 feet below the Black Sea, 
and the Det^d Sea is 1,350 feet below the Mediterranean. 

Hence it appears that the present dry land might be spread 
over the bottom of the ocean, so that the globe would be entirely 
covered with water. For nearly three-fourths of the surface is at 
present submerged. 

The dry land is mostly situated in one hemisphere. For if we 
place the north pole at London, as may be illustrated upon an 
artificial globe, the northern hemisphere will be seen to embrace 
most of the land, while there will be little but water in the 
southern hemisphere. 

In carrying oat the order already indicatedf we shall treat of the general 
stmctore and arrangement of the materials composing the exterior cmst of 
the earth in Section L ; their chemical and mineralogical characters in Sec* 
tions U. and Hi. The remainder of Part L will relate to the foroes which 
)i«ye inodified these mineral masses. 



18 STBATIPIBD BOCKS. 

' SiBATiFiED Rocks. 
The rocks that compose the globe are divided into two great 
classes, the Stbatified and Unstratified, or Aqueous and 

loNEOUS. 

Stratification consists of the division of a rock into regular 
masses, by nearly parellel planes, occasioned by a peculiar mode 
of deposition. Strata vary in thickness from that of paper to 
many yards. 

The term stratum is sometimes employed to designate the whole 
mass of a rock, while its parallel subdivisions are called beds or 
layers. The term bed is also employed to designate a layer, whose 
shape may be more or less lenticular, or wedge-shaped, included 
between the layers of a more extended rock ; as a bed of gypsum, 
a bed of coal, a bed of iron, etc. In this case the bed is some- 
times said to be subordinate. 

When beds of different rocks alternate, they are said to be inter- 
stratified. 

A 8eam is a thin layer of rock that separates the beds or strata 
of another rock ; ex. gr., a seam of coal, of limestone, etc. 

A bed or stratum is often divided into thin laminae, which bear 
the same relation to a single bed as that does to the whole series 
of beds. This division is called the lamination of the bed ; and 
always results from a mechanical mode of deposition. 

The lamination is sometimes parallel to the planes of stratifica- 
tion ; sometimes the layers are much inclined to each other ; and 
often they are undulating and tortuous. 
Fig. 2, shows the different kmds of lamination. 
Without Laminse. 
With waved TAminm. 
Fmely Laminated. 
Coarsely Laminated. 
Obliquely Laminated. 
Parallel Laminae. 

Hg. 3, is a sketch of a block of sandstone, six feet long, from Mount Tom, 
in East Hampton. Its face is a fine example of the oblique lamination above 
described, resulting from counter currents and depositions of coarse sand on 
surfaces doping in difibrent directions. 3uch examples are common in that 
. locality. 
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Origin of lamination, — All the lamination of stratified rocks 
was undoubtedly produced originally by deposition in water, and 
the varieties have resulted from modifying circumstances. 1. The 
parallel laminae are the result of quiet deposition upon a level sur- 
fiEice. 2. The waved lamination, in many instances, is nothing but 
ripple marks ; such as are seen constantly upon the sand and mud at 
the bottom of rivers, lakes, and the ocean. In the secondary rocks 
this is too manifest to be mistaken. 3. The oblique lamination has 
generally been the result of deposition upon a steep shore, where 
the materials are driven over the edge of an inclined plane. 
4. Highly contorted lamination has often resulted from lateral and 
vertical pressure, as illustrated by Fig. 4. This is sometimes seen 
in deposits of clay. 

JUustration If pieces of doth of 
different colors be placed upon a ta- 
ble c^ and covered by a weight, a, 
and then lateral forces, 6, 6, be ap- 
plied ; while the weight will be some- 
what raised, the cloth will be folded 
and contorted precisely like the lami- 
sseofmany rodu; as is shown in the 
figure. 

Hbto to distinguish between 
itrata and hminofr^This cannot be done by the relative thick- 
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DIP AND 8TBIKX. 



ness, since strata are sometimes as thin as l^uninse. But strata 
can, and lamina can not, be easily split apart. A stratum marks 
some pause or change in the deposition ; but the lamins were 
formed rapidly between the pauses. Hence the latter are more 
closely compacted together, and generally the rock will break more 
easily in any other direction than in that of its laminae. 

Inclination of strata, — ^The angle which the sur&ce of a stra- 
tum makes with the plane of the horizon is called its inclination 
or dip ; and the direction of its upturned edge is called its strike 
or hearing. 

Of course horizontal strata have neither strike nor dip. The ezpoeore of 
a stratum at the sur&ce is called in the language of miners its cuicrop or 
baaeiinff. An outHer is a detached ledge or mass of strata. 

As a general fact^ the newer or higher rocks are less inclined 
than those below. The highest are usually horizontal ; while the 
oldest are often perpendicular. But tiiis is not an universal rule. 

The instrument employed for ascertaining the dip of a stratum, is called a 
Fig. 5. clinometer. The inclination may be deter- 

mined by the eye either by itself or with the 
help of the hands situated as in Fig. 5. The 
person must stand opposite the strata, and 
placing the hands in the range between the 
eye and the rock, notice the position of tho 
planes when compared with the lines of 
reference. Each dotted line incloses with 
either hand an angle of 45<). The strike 
may be determined with a compass. 

Axes. — ^The line along which the 

strata dip in opposite directions ia 

called an anticlinal line^ or anti" 

elinal axis. In Fig. ^, a represents a simple anticlinal ; b and c 
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show the contour of the surface 
when denudation has removed the 
ridge, and d represents a complex 
anticlinal. In some instances the 
strata have been folded together on 
a vast scale, and in such a manner 
as to bring some of the newer rocks 
beneath the older. Fig. 7 is a sec- 
tion of this character. Originally 
the strata were probably folded, s& is shown by the curved lines 
passing from 1 to 1, 2 to 2, and so on. But their upper parts 
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have been denuded, bo that the present snrface is a, a. The. old- 
est strata are now found to be 6, 6 ; and they correspond outward 
on each side of these ; as, 5, 5 ; 4, 4 ; etc. Such an example as 
this has been called b folded axisy or an inverted anticlinal. 

Fig. 7. Y]%. 8. 




Folded Amis, 

When the strata dip toward each other they constitute a iyn- 
cUnal axis. In Fig. 8, a is a shallow synclinal, b a 8?iarp synclinal, 
e and d -complex synclinals. 

When the strata dip from any point in all directions outward, (a) 
around the crater of a volcano,) the dip is said to be quaquaversal. 

Metamorphic Stratified Rocks, — According to the views of the 
ablest geol(^sts at the present time, we ought perhaps to limit 
both the terms stratification and lamination to rocks whose 
mechanical texture proves them to have been deposited from 
water. But there is a large class of rocks that have been power- 
fully metamorphosed, so as to become crystalline, yet are divided 
by parallel planes very analogous to stratification and lamination ; 
and it is usual to regard the former structure, that is, stratification, 
as extending through them all, and to have resulted from original 
deposition in water. But the subdivisions of the strata, viz. : 
deava^foliatioinj andjoinUj which often cr^sa the strata, appear 
to have been for the most part superinduced : that is, they Were 
produced after the original deposition of the strata by other 
agencies than water alone; although some of them, as foliation 
and cleavage, in some instances seem to be mere modifications of 
original laminatidn. 

Joints, — Both the stratified and nndtratified rocks are traversed 
by divisional planes, called joints; which divide the mass Into 
detemiinate ^iq>es, which are different from beda and their sub* 
divisions. 
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The mosi important of these joints, called master-joints^ are 
more or less parallel, and so extended as to imply some generd 
cause of production. 

When these joints cross the beds obliquely, as they usually do, 
and there are two sets of them, they divide the rock into riiora- 
boidal masses of considerable regularity ; though wanting in that 
perfect equality in the corresponding angles of the prisms which 
is found in crystals of a simple mineral. They do the same in 
the unstratified rocks, producing a pseudo-stratification, and are of 
great help in quarrying. 

Figs. 9 and 10 are examples of joints ia unconsolidated clay, in West 



Fig. 9. 



Fiff. la 





Fiff. 11. 




Fig. IS. 




Springfield, Massfidiusette. Tigs. 11 and 12 are more complicaied forms 
fiom the quartz rock of Bernardston, in Massadiasetts. 

Sometimes fissures are quite irregular in direction; but they as^t in 
breaking the rock into fragments. The fissures are sometimes occu|aed by a 
foreign mineral, such as <^cite; but these are properly veins. 

Cleavage. — ^Rocks of homogeneous composition, especially day 
slate, are often divided by parallel planes, sometimes conforming 
in dip and direction to the bedding or stratification, and some- 
times not. They difier from joints in causing the rocks to split 
into plates indefinitely thin, and also by being far more extensive, 
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and but rarely crossed by other planes as joints are. Hoofing 

slate is a good example. 

"We venture to doubt, however, whether the indefinitelj thin plates, gener- 
ally regsurded as an essential property of cleavage, are always present For 
we have not unfVequently met in quartz rock and in some siliceous slates 
witii parallel divisions, which could not properly be referred to joints or strati- 
fication, where the plates could not be split thinner than half an inch, and 
oflen not so thin ; and if not cleavage, we can give them no name. May we 
not omit thinness of the plates in our definition of cleavage, and still not 
confound deavage with joints? 



The cleavage planes may be inclined to the 
planes of stratification at any angle from 0* to 
90% and sometimes the two planes dip in op* 
posite directions. The cleavage planes are re- 
markable for their almost perfect parallelism, 
while strata, laminsd and folia are often con- 
torted. 

Fig. 13 rejMresents deavage planes, 56, crossing irre- 
gular strata^ {M, 

In Fig. 14 are represented the planes of stratification, 
BB,BB; thejomts AA,AA; and the slaty cleavage, 

Fig. 14. 
d A A 



Fig. IflL 




Foliation, — A change in metamorphic rocks 
anal^ons to cleavage is called /oZm^ton. It is a 
crystalline lamination, or a separation of the dif- 
ferent mineralogical compounds into distinct 
layers, mnch resembling strata. In districts 
whwe these crystalline rocks have not been 
mnch disturbed, the foliation coincides with the stratification. In 
regions much corrugated or disturbed the foliation often intersects 
the strata at a considerable angle, like cleavage planes. In fact, 
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foliation appears to be the result of the same forces as cleavage 
except that in the former the process was carried so &r that cry** 
stallization resulted. 

Fig. 15. 
ah h Fig. 15 represents foliation as it 

18 seen in takose conglomerate in 
Bichmondf Vermont: aa shows 
the position of the strata, and h b 
the inclination. 

The rocks in which folia- 
] h tion exists are called sckvstSj 
as micai schist, talcose schist 
Gneiss, however, is foliated, 
and some contend that foliation is sometimes produced in unstrat- 
ified or igneous rocks. The term 5/a^^ ought to be limited to 
those fissile rocks that are homogetieous, and schist to those where 
the materials are heterogeneous, and are arranged in alternate 
layers. Few geologists, however, have as yet carried out these 
new views rigidly, so that their works still speak of mica slate, 
hornblende slate, Ac. The theory of thiB origin of the various 
superinduced structures will be deferred to the chapter on Meta* 
morphism. Fig. le. 

Plication and Con" 
tortion, — The lami- 
nated rocks some- 
times,but the foliated 
and metamorphic 
much oftener, pre- 
sent examples of 
folding, plication and 
contortion most re- 
markable, and in 
general the more 
thorough the meta- 
morphism the greater 
the curvatures and 
tortuosities. Fig. 16 
was sketched from 
a block of gneiss 
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lying by the road- 



FOLDED AXIS. 



side in Colebrook, Connecticut, and is no 

unusaal example of plication in the folia L 

of that rock. ^ 

Fig. 18, for a sketch of which we are indebted ? 
to Mr. Eben A. KnowltoD, shows a remarkable | 
specimen belonging to the cabinet of Amherst Col- 5 
lege, from Shelbume Falls, in Massachusetts. It is f 
six feet long, weighs a ton, and was worn smootli 
by the water and ice of Deerfield river. It con- 
sists of beautifully contorted or plicated strata ; ^ / /ll! L 
or more properly, perhaps, folia, of white gneiss S 
and black hornblende schist alternating. The 1 
minute flexures, which frequently become saw-like, s^ 
can not be exhibited, and actual inspection can | 
alone give a correct idea of its beauty. We shall | 
refer to it again under Metamorphism. g- 

These delicate curves in foliation are a 

miniature representation of what occurs in p» 

the strata of most of the great mountain f 

ranges of the globe. Fig. 17, is an actual | 

section in the Alps, extending southeasterly p. 
from the top of the well-known Righi. 

Here we have mountains thousaijds of feet i^ 

high, looking as if crumpled together by g 

some Mighty Hand. Doubtless it was -^ 
done by lateral forces in the hand of 

Nature. ^ 

In this country we have the same phe- | 

nomena on a magnificent scale. From |. 

Canada to Alabama, a distance of at least ^ 

1200 miles along the Appalachian Moun- g 

tains, the strata have been folded into I 

numerous anticlinal and synclinal axes by ^ 
a force crowding them from southeast to 

northwest, making the southeasterly slopes m 

quite gentle, and the northwest ones ^ 

steep and abrupt. A section across the ^ 

Appalachian chain, say through New ^ 

Jersey and Pennsylvania, is given in Fig. !2« . y, 

19 ; and though it be an ideal section, it %. \/(£\ 

will convey a good idea of the structure § 
of this chain of mountains almost any 

2 
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where between Canada and Alabama. How 
stapendous must have been the force, thus to fold 
up the vast strata of the mountains, as if they 
were merely the leaves of a book ! Yet how easy 
for Him who directs and energizes the forces of J^ 
nature ! The manner in which these forces have eg: 
^^erated will be better understood after we have §.? 
developed the doctrine of internal heat. p 

CONCBBnONABY STBUCrUEES. | 



In clay beds containing disseminated carbonate ^ 
<rf lime, we frequently find nodules of argillo-cal- ►^ ^^ 
careous matter, sometimes spherical, but more If »• 
usually flattened. These are generally called g.i ^ 
claystoneSy and the common impression is, that ^^ % 
that they were rounded by water. But they are f « *^ 
the result of a tendency of particles to gather ? * 
about a common center, called molecular attrac- ;» 
tion. The slaty divisions of the clay extend ^^ §• 
through the concretions ; and on spliting them ff 1: 
open, a lea^ a fish, a shell, or some other organic J"? * 
relic is frequently, but not invariably found. In E S» 
New England, however, the slaty structure, and 1 1 
the organic nucleus are generally wanting. ^ g 

Fig; 20. 



J»^ 



Fig. 20 win convey an idea of the manner in which | 
these concretions are sitoated in the day. i 

The claystones of New England have been j 
classified according to their shapes. There are ! 
at least six predominant forms ; all of which seem j 
to start with the sphere. A combination of 
several of the primary forms sometimes pro- 
duces mimic resemblances to familiar objects. 



» 
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Fig 21 shows one from Walpole, New Hampslii re, which mimics 

Fig. 21. Fig. 22. 





a human head in relief very closely, with the head-dress and cue 
behind. Fig. 22 resembles a hat or bonnet, and Fig. 23 a cat. 

Fig. 24. 




Fig. 24 shows a perfect ring from Rutland, Vermont The 
original is 1 1 inches in diameter. 
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Similar concretions abound in argillaceous iron ore, which is 
often disseminated in clay beds or shale. These nodules are 
usually made up of concentric coats of ore ; but sometimes the 
slaty structure of the rock containing them extends through them, 
and organic relics are found to form their nucleus. 

Fig. 25c 




Fig. 25 is a concretion of iron ore with a nucleus of lignite, 
from Gay Head, in Massachusetts, 7 inches across. 

The internal parts of these concretions of limestone and hydrate 
of iron often exhibit numerous cracks, which sometimes divide 
the matter into^ columnar masses, but more frequently into irregu- 
lar shapes. When these cracks are filled with calcareous spar, as 
18 often the case in calcareous concretions, Fig. 26 

they take the name of lvdu8 helmontii, 
turtle stones^ or more frequently of septaria. 
From these is prepared in England the 
fieunous Roman cement. Fig. 26 shows a 
section of one of these. 

Certain limestones called oolites, are oft»n 
almost entirely composed of concretions made up of concentric 
layers ; but the spheres are rarely so large as a pea. 

The concretionary structure, however, often exists in lime- 
stone on a very large scale, forming spheroidal masses not only 




80 



•CONCBBTIONAB Y STBUCTITBESi 



many feet, but many yards in diameter. Fig. 27 represents some 

Fig. 27. 




ConcrtUotu t» StMistotu^ XnM. 



large concretions of carboniferous limestone, .at Muscatine, in 
Iowa, as described by Professor Owen. 



8. As beds of irregular 
4. As overlying masses. 



' Unstratifikd Rocks. 

The unstratified rocks occur in four modes. 1. As irregular 

masses beneath the stratified rocks. 2. As veins crossing both 

the stratified and unstratified rocks. 

masses thrust in between the strata. 

Fig. 36 illustrates these modes. 

The phenomena of veita, being veiy important, require a more detailed 
explanation. 

Veins are of two kinds. 1. Those of segregation. 2. Those 
of injection. The formfer Appear to have been separated from 
the general mass of the rock by elective affinity, when it was in 
a fluid state ; and consequently they are of the same age as the 
rock. Hence they are often called contemporaneous veins 

Fig. 28. represents a bowlder of granitic gneiss, in Lowell, Massachusetts, 
about five feet long, traversed by several veins of segregation, whose compo- 
.sition differs not greatly from that of the rock, except from being harder 
and more distinctly granitic. Where veins of this description cross one an- 
other, they coalesce so that one does not cut oft the other. 
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Veins qf Segregation in Gneisa^ Lowell. 

The second class were once open fissures, which at a subse- 
quent period were filled by injected matter. 

Veins of segregation are frequently insulated in the coiitaining 
rock ; they pass at their edges by insensible gradations into that 
rock, and are sometimes tubercular or even nodular. 

Injected veins can often be traced to a large mass of similar 
rock, from which, as they proceed, they ramify and become exceed- 
ingly fine, until they are lost. Usually, especially in the oldest 
rocks, they are chemically united to the walls of the containing 
rock ; but large trap veins have often very little adhesion to the 
sides. 

Fig. 29 exhibits granite veins protruding from a large mass of granite into 
hornblende schist, in Oomwali 

Fig-. ». 




GrafUU VdM in SornbUnde Schist, OomwaU, England. 
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The large veins that are filled with trap rock or recent lava are 
usually called dykes. These differ from true veins, also, hy rarely 
sending off branches. Dykes of trap are sometimes several yards 
wide, and nearly a hundred miles long ; as in England and Ire- 
land. 

Dykes and veins frequently cross one another ; and in such a 
case the one that is cut off is regarded as the oldest. By this 
rule it may be shown that granite has been injected at no less 
than four different epochs. 

Fig. 30 represents a bowlder of granite in Westhampton, Massachusetts, 
whose base was the product of the earHest epoch of eruption. This is tra- 
versed by the granite vein, a^ a^ a^ which was injected at a second epoch ; 
2>, is a granite vein cutting a, and was therefore produced at a third epoch ; 
while &, as well as a, are cut ofif by the granite veins c^ and d^ of a fourth 
epoch. 

Fig. 80. 




Granite Veina in OraniU, Westhamptan, 



By the same rule can be proved successive eruptions of the 
trap rocks, as well as other igneous veins. In one remarkable 
example of veins of different kinds, eleven epochs of the injection 
of unstratified rocks can be traced. This case is in the city of 
Salem, Massachusetts, near the entrance of the bridge leading to 
Beverly, on the west side. It is shown upon Fig. 31. The age 
of the veins is indicated by the figures (1, 2, 3, etc.) attached. 
No. 1, the basis rock, is syenitic greenstone. The others are mostly 
granite and greenstone. 

Veins and dykes usually cross the strata at various angles. 
But not unfrequently for a part of their course they have been 
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intruded between the strata; and hence have been mistaken for 
beds, and have given rise to the inquiry whether granite is not 
stratified. 

Fig. 8t 




Dykes are usually nearly straight ; but granite reins are some- 
times very tortuous. 

2* 



u 
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Fig. 82. 



Fig. 83. 




Fig. 32, shows two small but very cUstinct . 
granite veina in homogeneous micaceous : 
limestone m Golrain, Massachusetts. J 

Fig. 33 is a tortuous vein of granite in \ 
taloose schist, in Chester, Massachusetts, | 
crossing the strata irregularly. J 

The unstratified rocks, especially | 
when exposed to the weather, are usu- < 
ally divided into irregular fragmcDts j 
by fissures in various directions. j 

Sometimes, howeyer, these rocks 
have a concretionary structure on a 
large scale ; that is, they are com- 
posed of concreted layers whose cur- 
vature is sometimes so slight that they 
are mistaken for strata. 

Cases of this sort can be distin- 
guished from stratification, first, by the 
concreted divisions not extending 
through the whole rock ; secondly, by 
the want of a foliated stroeture in the 
parallel masses. 
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' A fine ezamx^e of this concreted Btructnre occurs at one of the qnarries in 
Gyenite near Sandy Bay, on Cape Ann. Another is at the Lower Falls, upon 
the Lower Ammonoosuc River, in New Hampshire, among the White Moun- 
tains. It is in granite. 

An interesting variety of jointed structure in some of the un- 

stratified rocks, is the prismatic, or columnar, by which large 

masses of rocks are divided into regular forms, from a few inches 

to several feet in diameter ; but with no spaces between them. 

This curious phenomenon will be more particularly described in 

a subsequent section. 

Tig. 34 is copied from a pebble of black slate, traversed by almost innu- 
merable veins of calcite, from the shores of Lake Champlain, in Vermont 
Some of them are cut off and slightly removed laterally, so that they must 
be vems of injection— doubtless filled by aqueous infiltrations. Many rods 
square of jet black slate may be seen thus traversed and oheckered by these 
enow white veins. 

Fig. 84. 




^. 35 shows a feldspathic vein conforming to the tortuosiliefl of mica 
sdiisi^ in Conway, Massachusetts. It ought probably to be regarded simply 
as a layer of the rock, rather than a vem, and a result of metamorphism. 
But it was probably formed just as some vein^ are, and is, moreover, a fine 
example of the plications of mica schist. 

Fig. 86. 







The unstratified rocks, both the masses and the veins and 
dykes, undoabtedly had an igneous origin, either from dry heat 
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or more usually from aqueo-igneous fusion. But the theory will 
be more fully stated in the Section on Metamorphism. 

Amount of Unstratified Rocks, — Unstratified rocks do not pro- 
bably occupy one-twentieth part of the earth's surface. In Great 
Britain they do not cover a thousandth part of the superficies of 
the island. In Massachusetts, they occupy less than a quarter of 
the surface. 

But there is reason to suppose that these rocks occupy the in- 
ternal parts of the earth to a great depth, if not to the centre ; 
over which the stratified rocks are spread with very unequal 
thickness, and sometimes are entirely wanting. 

Fig. 36 will convey a better idea than language, of the rela- 
tive situation of the two classes of rocks. The different groups 
of stratified rocks are seen resting upon each other in successive 
order, and the whole upon the unstratified series. Granite is repre- 
sented as the foundation, but intrusive masses of syenite and por- 
phyry, of granite, of trap, and lastly of lava, are shown to have 
successively pushed up from beneath the granite, and spread them- 
selves over the surface. A variety of granite is seen rising to the 
top of the Mesozoic^ trap to the top of the Mesozoic, slightly lapping 
over upon the Tertiary ; and finally the lava comes up from the 
very bottom of the whole, and spreads itself over the Alluvium. 
Although this is not a section of any particular portion of the 
earth's crust, it will give a correct idea of the relative situation of 
the two great classes of rocks, and the reason why the unstrati- 
fied rocks occupy the whole of the interior of the earth, while 
they barely reach the surface. We shall refer to this section 
again after stating the names of the successive formations. 

Fig. 87. a 




In addition to the last more general figure, we add Pig. 87, specially de- 
voted to the unstratified rocks, 
a, a, Irregular masses beneath the stratified rocks. 
6, 6, Veins (the black irregular lines) crossing both kinds of rocks. 

c, Irregular beds between strata. 

d, Overlying mass, e, A mass injected forcibly, thereby uplifting the 
strata upon both sides, and causing them to break at/, /. 



UITSTBATIFISD BOCKS. 



87 




is 



FOBMATIOKS. 



Formations. 

Each rock, in its most extended sense, consists of several varie- 
ties, agreeing together in certain general characters, and occupy- 
ing such a relative situation with respect to one another as to 
show that all of them were formed under similar circumstances, 
and during the same geological period. Such a group constitutes 
2^ formation, Ex. gr. Cretaceous formation. 

This term often embraces several distinct rocks, when there is 
reason to suppose that they were produced during the same geo- 
logical period. 



"Evg, 38 will give an idea of a formation. It represents the Lias f&rmaiicm 
of England, lying below the oolite, and above the triassic formations. 



Fig. sa 



Idas Formation. 



Upper lias shales^ 




c ^-^- zr^ - ^r "j--:liL2 r^ Middle Has shales. 



Lias limestones, 
Lower lias shales. 



The French word terrain^ and the English word groupj are 
nearly synonymous with formation. 

A series is a natural group of formations distinguished from all 
others by characteristic organic remains. It is less comprehensive 
than system^ which applies to the greater divisions. Thus in 
Fig. 36 the beds of stratified rocks upon the left hand side, as 
Alluvium, etc., are aeries of lesser formations, which are not 
enumerated : but the four great divisions of the same rocks upon 
the right hand side, as Azoic, etc., are systems. Through inad- 
vertence the terms series, formation, and system, are often used as 
synonymous by geologists. 
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• When the planes of stratification are parallel to one another in 
different formations, the stratification is said to be conformable : 
"when not parallel, it is unconformable. 

The stratification in different formations is usually unconform- 
able, as is shown in the position of the azoic and fossiliferous form- 
ations, in Fig. 36. 

It is hence inferred that the stratified rocks were elevated at 
different epochs : in other words, those formations which are the 
most highly inclined, must have been partially elevated before the 
others were deposited upon them. 

These numerous' elevations of the strata have produced in them 
a great variety of cracks, fissures, and slides. 

When the continuity of the strata is interrupted by a fissure, 
fio that the same stratum is higher on one side than on the other, 
or has been slidden laterally, that fissure is called a faulty or a 
trouble^ — a slip, — a dyke, — etc. : as a, a, in Fig. 39 and 40. 

Fig. 40. 





Fig. 89. 
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A fault is sometimes filled with fragments of rocks, clay, etc., as h, in Fig: 
41 ; in which case it ocoasions great trouble in the working of mmes, because, 
.when the fragments are reached, it is impossible to decide whether the con- 
tinuation of mineral sought is above or below the level, or to the right or left 

There are two kinds of faults, the transverse, or those that cross 
the strata at right angles to the strike, or transversely ; and the 
km^tudindly or those that are parallel to the strike. Theformefr 
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arc usnally local, and quite short^the latter are sometimes of great 
length, and produce much confusion over large districts. 

If the fissure is open and of considerable width, and is suc- 
ceeded at each extremity by a wider valley, it is called a gorge^ as 
c, in Fig. 41. 

If it be still wider, with the sides sloping or rounded at tiie 
bottom, a valley is produced. 

In a similar way most of the valleys of primitive countries were 
formed. 

Classification of Bocks. 

One of the great objects sought, by geologists is a complete 
knowledge of the classification, or the order of the succession 
of the different formations. There are two difficulties in their 
way. First, there is no district in the world where all the 
formations are found placed directly over another; and, sec- 
ondly, the rocks in one country have sometimes little or no 
external resemblance to those of the same age in another country ; 
or if developed at all their thickness varies greatly. It is even tiie 
case that large formations are developed upon one continent which 
are entirely wanting in another. Could the successive formations 
be placed upon one another in regular order in any one place, and 
an excavation be made through them which a geologist might 
examine, the task of classification would be comparatively easy. 

Among all the fossiliferous formations there exists an invariable 
order of superposition. Rocks of different age may be brought 
together by the absence of an intermediate group ; but the newer 
never underlies the older, except in a few cases of folded axes, or 
inverted anticlinals. 

A formation in America is identified with the corresponding 
strata in Europe chiefly by means of organic remains character- 
istic of that group. Previously, the European strata had been 
thoroughly examined, both as to their raineralogical and organic 
characters ; and had received a local name. Thus one of the 
lowest series of the Palaeozoic system was first explored in Wales. 
Hence it was called Silurian, (an ancient name for the district). 
Now when synchronous* strata are found in America they are 

* Synchronous strata are those which are formed simultaneoosly in different 
terrains. 
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termed Silurian; that is, strata of the same age witH those in 
Siluria. Nearly every formation has thus received a local appella- 
tion. American geologists have carried this principle so far that 
nearly fifty local names have been proposed for the different 
divisions of our series. 

The first division of all the rocks is into the Stratified and Un- 
stratifiedj corresponding to the Aqueous, including Metamorphic, 
and Igneous of some geologists. The stratified class is divided into 
the Fossiliferous and Un/ossiUferous, or those which contain, and 
those devoid of organic remains. The latter all belong to one series 
which is termed the Azoic, because without life ; or HypozoiCj &e- 
neath all evidences of life. Th^ossiliferous division is divided 
into three great systems, according to the times in which the 
organism flourished : the PalceozoiCy or the aricient type of organic 
life; Mesozoicj or the life that flourished daring the middle pe- 
riods of geological time ; and Cainozoic^ or the recent economies 
of life. 

The following tabular view of the rocks embraces all the im- 
portant formations and groups described in the more recent works 
on geology. Where we have made any changes it is simply with 
the hope of escaping difficulties which embarrass all systems of 
classification. The arrangement which we give we shall follow in 
this work. 

Class l.^-STRATIFIED OR AQUEOUS ROCKS- 
1. Fossiliferous. 

Cainozoic. 

1. Alluvium, including Drift. 

2. Tertiary. 

Mesozoic. 

1. Cretaceous, with Green Sand. 

2. Oolitic or Jurassic, with Wealden and Lias. 

3. Triassic or New Bed Sandstone. 

Paleozoic. 

1. Permian. 4. Upper Silurian. 

2. Carboniferous. 5. Lower Silurian. 

8. Devonian. 6. Cambrian or Huronian. 
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Interzoic 
and 



or 
Laurentian. 



j- also fossiliferous. 



2. Azoic ob Unfossiufekous. 
' 1. Quartz Rock, 

2. Clay Slate, 

3. Mica Schist. 
TT ""^ • J ^' "^^^^^^^ Schist, including Steatite, 

_ 1 «^. Serpentine. 

6. Hornblende Schist. 

7. Gneiss. 

8. Saccharoid Azoic Limestone. 



Class 2.— UI^STRATIFIED OR IGNEOUS ROCKS. 
1. Granitic Group. 
1. Granite. 2. Syenite. 3. Protogine. 

2. Trappbak Group, 
1. Porphyry, 2. Greenstone. 3. Amygdaloid, etc.. 

3. VoLCAKic Rocks. 

1, Basalt. 2. Trachyte. 3. Pumice. 4. Tu&. 5. Peperino. 
6. Volcanic Ashes. 7. Vesicular Lava, etc. 

Of the Azoic series, quartz rock and clay slate are sometimes 
found in the Palaeozoic system containing fossils, and rocks pos- 
sessing the same characters are occasionally found -interstratified 
with fossiliferous rocks ; that is, gneiss, mica schist, etc., are not 
confined to the Azoic group, but wherever found they are always 
devoid of organic remains. Below the Azoic series are the un- 
stratified rocks, which extend to unknown depths. 

In this country the Silurian and Devonian series have been sub- 
divided into twenty-three formations, by the State Geologists of 
New York, who have given them names from the localities where 
they are best developed. In other States names more or less local 
have been given to the divisions of other series. In the following 
table we present the most important subdivisions of all the sys- 
tems both in Europe and in this country, with the thickness, so 
far as it is reliable. 



. CLA8SIFICJLTION OF BOOKS. 



43 



SlTSOPBAir FOBVATXOHB. 



AliUVlUM, 
TsBTIART.t 

Jmtissio, 



Tkiasbio, 

PcBMIAir 
CAKBOWirXB- 

ous. 



]>XT0iriA2r» 



Upper 
BiujSLiAtr. 



howvu 



CAltBBIAir, 

Azoic, 



5 Recent^ > 
l Pleistocene. > 

{PHocene, > 
Miocene, > 
Eocene, 

CChiak. 
< Ganlt, 
COreenMad, 

{Wealden, 
Upper ooUte, 
Middle oolite, 
Lower oolite, 
UaB, 

Trlassio, 
Penoaian, 

iCoalMeasnree, 
Millstone nit, 
Mountain fimestoi 

'Upper, 



Middle, 



_lH>wer, 

Upper Lndlow rock, , 
Ay estry limestone, 
fiower Ludlow rock, 
Wenlock limestone, 
Wenlock shale, 
Woolhope limestone, 
Denbigshire sandstone, 
Tarannen shales, 
.May HiU Beds, 

{ Lower Llaadorery beds 
Caradoe sandstone, 
Llandeilo flags, 
Lingnla flags, 



Cambrian, 
Hyposoic 



Tbickmbss 

Ur PKKT. 



600 
2,M7 



2,400 



1,300 
2,270 
1,100 
8,100 
1,010 

915 

to 
15,000 



10,000 



6S0 

100 

1,000 

300 

l,fiOO 

fiO 

2,0U0 

1,(100 

1,000 

1,000 
9,0U0 
5,000 f 

5,000 r 



28.000 



78,882-02,917 



North Americajt 
formatiohs. 



; Allovlnm proper, ) 
I Drift, *^ *^*J 

Yorktown gnmp, 1 

i Yleksbnrg group, ' 
< Olaibome group, J 

(Clays and > 
<Greensand,5 



Permian of Kansas, Ac 

Coal Meaanrea, 
Conglomerate, 
Carboniferous limestone. 
Conglomerate, 

Oatskill red sandstone, 
Chemung group. 
Portage group, 
Oenesee slate, 
Hamilton group, 
Mareellus shales, 



Upper Helderberg 
Scoharie grit, > 
Cock-taU grit. $ 
Oriskany sandstone, 

Lower Helderberg limestone. 
Water lime group, 
Onondaga salt group, 
Niagara group, 
Clinton group, 
Upper Hudson rirer group, 
Medina sandstone, 
Oneida eo n gtome r te, 

Ijower Hudson River group, ) 
Utiea sUte, J 

Trenton Mmestone, 
Chasy limestone, 
Calciforous sand rock, 
Potsdam saadstone, 

Hnronian, 
Laurentian, 



tmasxo 

"I 



J 



Thxckvbss 

IN PSRT. 



1,200 



1,000-3,000 



5,000 



7,000 

to 

13,0J0 

5,000 
5,200 
1,700 

aoo 

909 
860 

soo 

200 

903 

1,000 

1400 

1,000 



2,000 

500 
2,500 

100 
900 

12,000 
20,000 



60,761-09,061 



Professors H. D. and W. B. Rogers have adopted a dififerent dassiflcation 
fcxt the Palaeozoic system, as it occurs in the States of Pennsylvania and 
Virginia. The system is called the AppcUacfiian PdUeozoic Day, and is divided 
like the different prats of a day. We present it in a Table, placing along 
with it the names of the corresponding formations elsewhere, acconiing to 
the nomenclature of the New York State Geologists. It is copied fbom the 
magnificent " Gteology of Pennsylvania," by Professor H. D. Rogers. 

APPALACHUN PALEOZOIC DAY. 



N«w YoBK Stbtbm. 


ROGKBS* CLASSirXCATION. 


Thickness ik P«nw. 




Primal Sariet, 
Primal ooiMdomerate, 
Primal older date. 
( Primal white sandstone, 
1 Primal npper slate. 


160 
1200 
800 
700 
2860 
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Nbw Yobk Ststbm. 



Book 



Gl^SSIFlOATION. 



THicKnKiSiH Pxior. 



Calciferons sandroek, 
Chazy limestone, etc. 



Trenton limestone, 

Utica slate, ' 

Lower Hudson Biver group. 



Oneida conglomerate. 



Clinton group, 



Niagara group, 
OnondM;a salt group 
Water ume group, 



Lower Helder1>erg limestone. 



Orlskany sandstone. 



Soobarie grit, ) 
Cock-tail grit, f 
Upper Helderberg limestone. 



Marcellns slate, 
Hamilton group, 
Genesee slates, 



Portage group, 
Chemung group. 



Gatskill red sandstone. 



Auroral Series. 
Auroral calciferous sandrock, 
Auroral magnesian limestone, 

Matinal Seriee. 

Matinal argillaceous limestone, 
Matinal black slate, 
Matinal shales. 

Levant Series. 

Levant gray limestone, 
JLevant red' sandstone. 
'^^Lerant white sandstone. 

SwgerU Series. 

Snrgeot lower slate, 
Surgent iron sandstone, 
Surgent upper slate, 
Surgent lower ore shale, 
Surgent ore sandstone, 
Surgent upper ore shale, 
^Surgent red marl. 

Scalemt Series. 

Scalent variegated mails, 
Scalent gray maris, 
Scalent limestone. 



Pre-meridian Series, 
Pre-meridian limestone. 

Meridian Series. 

Meridian slate. 
Meridian sandstones, 

Post Meridian Series, 

Post meridian grits. 
Post meridian limestones. 

Cadent Series. 

Cadent lower black slate, 

Cadent shales, 

Cadent upper black slates. 



Vergent Series. 



Vergent flags, 
Yei^rent shales. 



Ponent Series, 
Ponent red sandstone. 



2600 



800-560 
300-«)0 
* 1200? 



1800—2150 

260—400 

600— TOO 

460 

1200—1560 

2001 
80 
260 
TOO 
10-80 
300 
860 



1960— 19T0 

400 
800 
60 

1260 
80-100 



ITO 
160 



800 

80 



260 
600 
800 

1160 



ITOO 
8200 



6000 
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Nkw York System. 



Con^omerate, 



Carboniferous limestone in 
other States. 



RoaSBS' ClJUSSIFICATlOM. 



Vefpertine SerUt. 

Lower conglomerate of the car- 
boniferous. 

XJmbral Seri«9, 
Bed shales and limestone. 

JSeral Setiet, 
Conglomerate, 
Coal measures, 
Permian or upper coal measor^s. 



Thiokmkss ur Pkicc. 



2<UM) 
SOOO 



1103 
2500 



Several attempts have been made to make out a classification foonded upon 
t^alseontology ; that is, organic remains. This subject will be better under- 
stood after liiat of Paleontology has been described. But we will present it 
in brief in this place, premising only, that in the different formations we find 
different groups of animals and plants, often characterized by the great pre- 
dominance of some particular races. These life periods correspond in general 
to the other characters by which different formations are distinguished ; so 
that a palaeontological division will correspond essentially to one that is litho- 
logical, and this to one founded on the conformity or unconformity of strati- 
fication. The system below is that adopted by Pro£ Pictet His large Groupe 
he calls Periods, and the subdivisions, Epochs. Properly speaking; however, 
an Epoch is the point of time when an event takes place, and a Period th« 
interval between successive Epochs. 



1. PaIuBOZOio Pebioo. 



first Epodi, 
Second Epoch, 
Third Epoch, 
Fourth Epodi, 



Silurian. 
Devonian. 
Carboniferous. 
Permian. 



2. Secondary Period. 

ilrst Epoch, Triassia 
Second Epoch, Jurassic. 
Third Epoch, Cretaceous. 



3. Tertiary Period, 
Tertiary Epoch. 



4. QUATBRKART AND MODERN PERIOD. 

Diluvian and Modem Epoch. 

The Palffiozoic Period was distinguished, L By the entire absence of mam- 
miferous animals and birds. 2. Bj the presence of many genera of shells 
called Cephalopods, like the Nautilus, of a peculiar structure, not found after- 
wards; idso by a great number of another family called Brachiopods, which 
subsequently mostly disappeared ; 3, by the existence of large numbers of 
crustaceans, called Trilobites, of which we find no trace afterwards ; 4, by 
the presence of a great number of singular animals, called Crinoids, which 
nearly all disappeared in the subsequent formations; and 5, by Polypi or 
corals of peculiar types and characters. 

The Secondary Period was characterized, 1, by the fewness and small size 
of the Marsupi^J Quadrupeds, which then existed ; 2, by an enormous devel- 
opment, both as to numbers and size, of reptiles of peculiar character ; 3, by 
beautiful groups of the shells called Ammonites, (like the Nautilus), of a pecu- 
liar structure ; 4, by tribes of Echuioderms, (like Sea Stars), altogether different 
finom those of the first Period ; 5, by Polypi, with peculiar charactera 

The Tertiary Period was characterized, 1, by the appearance of great num- 
bers of mnmniiferous animals ; 2, by an approach to living forms in the rep- 
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tiles and fishes; 3, by the total disappearance of Ammomtes and Beleninitea^ 
80 abundant in the Secondary Period. 

The Quaternary Period is specially distinguished by the appearance of Man, 
the most remarkable of all terrestrial animala 

We might point out characters almost equally striking and peculiar in each 
of the nine epochs. Indeed, most of these might be again divided, and 
still the Faimas and Floras would be quite distinct and peculiar, showing 
that the earth has been the seat of not a few life periods smce organic beings 
first appeared upon it 

It is sometimes customary to characterize a Period or an Epoch by the name 
of the predominant race that then lived. Thus the Secondary Period has 
been called the PajcpOMitfrtan, or the reign of ancient Saurian Reptiles ; the 
Tertiary Period as Mammiferouiy or the reign of Mammals, etc. We might 
carry this nomenclature through all the nine epochs above mentioned, as fol- 
lows: To begin still lower, we might call the Azoic rocks, GrysUjiiferova^ 
or crystal bearing; the Silurian rocks bs Brachtopodiferoua^ C^phaJbpodiferouSj 
and TriioHferous^ from the predominence of those three tribes of invertebrates; 
the Devonian, as ThavmicMhiferous^ firom the prevalence of strange fishes; 
the Carboniferous Epoch, as coal-bbariko, or Acrogeniferoua^ from the 
abundance of flowerless trees ; the Permian, as Lacertiferous^ or lizard-bear- 
ing; the Triassic Epoch, as EncUiosauriferotu and IxibyHnthodonUferous; the. 
Jurassic Epoch, as Iclmiferous^ (track-bearing), and PakB08auriferous\ the 
Cretaceous, as Echiniferous (bearing Sea Stars,) and Foramimferous ; the 
Tertiary, as Mammalifer&us ; and the Modern Epoch, as Homoniferous, or 
Man-bearing. These designations, however, are more poetical and popular 
than scientifia 

iTistrumenia Convenient for {he Prajdicdl GeoJogisL — For determining the' 
position of strata, the Clhiometer and Pocket Compass are needed. Still 
more indispensable are hammers. There should be two or three of -tiiese of 
different sizes, witli rounded &oe8 on one side, and wedge shaped or pomted 
at the other. The largest should be a somewhat heavy sledge, and the 
smallest of only a few ounces weight for trimming specimens. 

In some departments of geological research, a knowledge of heights is re- 
quisite. As the heights of but comparatively few elevations in our country 
are known, a levelling apparatus or barometer is essential A new kind of 
barometer, called the Aneroid^ we have found by long experience to be ad- 
Fig. 41 




Aneroid Barometer, 
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mirably adapted to the work. It is lees accurate than the mercorial, but 
much less liable to injury. It is generally of little value above an elevation 
of 5,000 feet. As is seen in the representation, (Fig. 41), the inches and 
subdivisions of the. common mercurial barometer are marked upon it, and 
the index points to the different marks, according to its change of elevation. 
Every new Aneroid should be tested before much reliance can be placed 
upon it To ascertain the height of a mountain above a valley by this in- 
strument, multiply the space passed over by the mdex, (expressed in thou- 
sandths of an inch), by tibe number of feet of elevation requisite to move the 
index one-tenth of an inch, and cut ofif four right hand figures for decimals. 
A Pedometer and an apparatus for fetching are also desirable. 



/ SECTION II. 

TRB CHEMISTBT AND MINEBALOGT OF GEOLOGY. 

Of the. sixty-two «mple substances hitherto discovered, sixteen 
constitute, by their various conibinations, nearly the whole <^ the 
naatter yet known to enter into the composition <^ the globe. 
They are as follows, arranged in three classes, according to their 
amount ; the first in each class being the most abundant. 

1. Non-Metallic Substances, — Oxygen, Hydrogen, Nitrogen, 
Carbon, Sulphur, Chlorine, Fluorine, and Phosphorus. 

2. MetalloidSj or the bases of the earths and alkalies. — Silicium, 
Aluminium, Potassium, Sodium, Magnesium, and Calcium. 

3. Metals Proper, — Iron, Manganese. 

The metalloidal substances mentioned above, united with oxy- 
gen, constitute the great mass of the rocks, consolidated and uncon- 
solidated, accessible to man. Oxygen also forms twenty per cent, 
of the atmosphere, and one-third part by measure of water. 
Hydrogen forms the other two-thirds of this latter substance ; 
and it is evolved also from volcanos, and is known to exist in 
coal. Nitrogen forms fou|r-fifths of the atmosphere, and enters 
into the composition of animals, living and fossil. It is found also 
in coal. Carbon, however, forms the principal part of coal ; and 
it exists likewise in the form of carbonic acid in the atmosphere, 
though constituting only one thousandth part, and it forms an 
important part of all the carbonates, and is produced wherever 
vegetable and animal matters are undergoing decomposition. 
Sulphur is found chiefly in the sulphurets and sulphates that are 
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80 widely disseminated. Chlorine is found chiefly in the ocean, 
and in the rock salt dug out of the earth. Fluorine occurs in 
most of the rocks, though in small proportion. Phosphorus is 
widely diffused in the rocks and soils, and is abundant in organic 
remains, in the form of phosphates. 

Nearly all the simple substances above mentioned have entered 
into their present combinations as binary compounds ; that is, 
they were united two and two before forming the present com- 
pounds in which they are found. The following constitute nearly 
all the binary compounds of the accessible parts of the globe : 
Silica, Alumina, Lime, Magnesia, Potassa, Soda, Oxide of Iron, 
Oxide of Manganese, Water, and Carbonic Acid. 

It is meant only that these binary compounds, and the sixteen simple sab- 
stances that have been enumerated, constitute the largest part of the 
known mass of the globe : for many other binary compounds, and probably 
all the known simple substances, are found in small quantity in the rocks ; 
but not enough to be of importance in a geological point df view. 

It has been calculated that oxygen constitutes 60 per cent, of 
the ponderable matter of the globe, and that its crust contains 45 
per cent of silica, and at least 10 per cent, of alumina. Potassa 
constitutes nearly 7 per cent, of the unstratifled rocks, and 
enters largely into the composition of some of the stratified class. 
Soda forms nearly 6 per cent, of some basalts and other less ex- 
tensive unstratified rocks ; and it enters largely into the composi- 
tion of the ocean. Lime and magnesia are diffused almost 
universally among the rocks in the form of silicates and carbonates 
— ^the carbonate of lime having been estimated to form one- 
seventh of the crust of the globe ; at least three per cent of all 
known rocks are some binary combination of iron, such as an 
oxide, a sulphuret, a carburet, etc. ; manganese is widely diffused, 
but forms less than one per cent of the mass of rocks. 

A few simple minerals constitute the great mass of all known 
rocks. These are Quartz, Feldspar, Mica, Hornblende, Pyroxene, 
Calcite, embracing all carbonates of lime. Talc, embracing Chlorite, 
Steatite, and Serpentine. Oxide of iron is very common as an 
impurity ; but it does not usually show itself till the decomposi- 
tion of the rock commences. 

Quartz, or silica in the pure state, is transparent, and is known 
as rock crystal. It is the hardest of all the minerals enumerated, 
easily scratching all of them. Qcyartz is also known, when mixed 
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with otber substances, under other names ; as amethyst^ when it is 
colored purple : Jiose, Smoky y and Ferruginous^ when pink, blackish, 
and yellowish red ; Chalcedony^ and Agate, when there are several 
colors exhibited in the same specimen, generally arranged fen- 
tastically ; Jasper, when it is bright red. Figs. 42 and 43 repre- 
sent the most common form of quartz crystals. Quartz is the 
most abundant of all minerals ; tbere are but few rocks in which 
it is not tiie predominant ingredient. All the forms of quartz are 
absolutely insoluble in water, acids and most liquids, except 
hydrofluoric acid, a substance that does not appear ever to have 
been concerned in the formation and alteration of mineral sub- 
stances. 



Fig. 42. Fig. 48. 



Fig.4A. 



m*. 4S. 





d 




Quarta Crysial, Crystal of Orihoclate. Cfryttal of AtftiU. 

Feldspar is a generic term, embracing several 
silicates of alumina and an alkali. The most com. 
mon variety is the potash-feldspar, or Orthoclase, 
Fig. 44, which is a double silicate of alumina and 
Quarts Crystal, potassa. The sodo-feldspar, or AlUte, Fig. 46, a 
double silicate of alumina and soda, differs from orthoclase but 
little in appearance, except in its crystalline form. Both species 
have a beautiful pearly lustre. The lime feldspar or Lahradorite, 
a double silicate of alumina and lime, has a still more brilliant luster. 
Other species of feldspar are given in the table upon page 61. 
It is important to be able to distinguish these species, since par- 
tkular rocks are characterized by the kind of feldspar most com- 
mon in them. 

Mica is also a generic term, including many species. They 
are divided into two classes according to the inclination of their 
axes of polarization to each other — in the common mica, Musco- 
vite, inclining at a large angle, and in the others at a small angle. 
Muscovite occurs in plates, which scale off in very thin laminae. 
It it C(»nmonly called isinglass ; iind is well known from its 

9 
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use instead of glass in the doors of stoves* 
a crystal of Muscovite. Chemically it is a 



Fig. 46 represents 
double silicate <^ 



r%. 46. 



Sig,4J. 



alumina and potassa, in which m 

/^^ /^Os ^^^ ^^ *^^ alumina is usually re- 

/ ^k I placed by iron. PMogopite is a 

/ m { __ 1 double silicate of alumina mi^- 

\ M xII3^ nesia and potassa ; and BioHte is 

\ M Oryttai of a double inlicate of alumina, iron, 

\J JTombUnd^ m^csia and potassa. 

Cryttatof MutcoHu. Somhlende is usually a tough, black in* 

dark colored mineral, crystalizing as in Fig. 47, and being a double 

silicate of alumina or iron and lime. 

There are many varieties of hornblende, the most comrnon 
being the Tremolite^ Asbestus, and ActynolUe ; the second of 
which is often of a soft texture, and can be woven like cotton. 

Pyroxentj including Augite^ Sahlite and Diopside, is a simple 
silicate of either lime, magnesia, protoxide of iron or manganese, 
or soda, and differing externally from the hornblendes, principally 
in the form of its crystal, (Fig. 48). Hypersthene is an important 
variety of pyroxene, occurring chiefly in the Lawrentian Series. 

CkUcite^ or the simple carbonate of lime, is very widely diffused 
as crystaUine or sedimentary limestone. Its primary crystalline 
form is rhombdiedral, E^« 49, but it ia often modified into Uie 

ng.481 Fi9.49. F%;6QL 
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shape of Fig. 50. The i^^ecies dolomite, a doable carbonate of 
lime and magnesia, is also rhombohedral, but it more nearly ap^ 
preaches a square prism in its form. Carbonate of lime may id* 
ways be known by its efferv^ence with acids. 

Tale is a sofb, green or whitish hydrous silicate of magnesia. 
It has a very greasy or 90«pjfeeL An impure form called steatiU, 
or soapstone, is well known from its power of retaining heat, and 
as a non-conductor. Chlorite is of a dull emerald-green color, 
and is a double hydrated silicate of alumina and magnesta. 
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SerpefUine or Opkiolite, — Serpentine is a mottled rock, the pre- 
^aunant color green, and is a hydrous silicate of magnesia. It 
^ distinctly stratified in some localities, and though formerly re- 
garded as a purely igneous rock, is now generally admitted 
to be & metamorphic rock ; perhaps an altered dolomite. It is 
elegant as an ornamental rock, though not much used in this 
country, where it exists in inimense quantities. 

^tpentines g^eueralljr contain so many foreign mineral matters as to form 
with them distinct yarieties; as, gametiferoua^ diaUagiCt JiombkncUef and 
^romifsrotts serpentines, Ophicake is iv mixture of calcite or dolomite, with 
iM«p6nMAe, talcj and chlorite, often brecoiated. In the latter form are in« 
duded the beautifhl verde antique marbles, such as occurs at Boxbury and 
lYoctorsville, Vermont ; Newbury and Middlefield, Massachusetts; and New 
Haven and Milford, Connecticut When chromic iron is disseminated through 
serpentine, giving it a peculiar mottled appearance, it is called oph^ fiom 
its resemblance to the skin of a snake. 

The following table shows tibe composition of the most common or import 
tant minerals : 
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Ortlkodatfe . , 


65.72 

62.61 
59.60 

47.50 
40.00 

41.80 
41.00 
60.05 

62.85 
S1.47 
44.02 


18.57 
19.26 
24.11 
24.28 
26.46 

87.80 
16.16 

15.85 
16.00 
4.20 

1T.14 


trace. 
0.48 
0.80 
1.5S 
1.60 

8.20 
7.05 

1.77 

15.00 

4.18 

1.84 
4.55 


trace. 

0.89 
0.90 

Flnorla*. 

8.80 
0.79 

0.68 


0.84 
0.46 
2.74 

•5.77 
9.49 

Water. 
2.68 

VTaUr. 

0.28 
14.00 

497 

56.18 


^ 0.10 

0.66 
1.00 
1.74 

21M 
28.79 
14.00 
25.20 
Cwbooit 
acid. 
48.87 

81.82 

84.40 

48.11 

-• 


14.02 

0.75 

1.08 
0.22 

9.6 

10.88 

9.70 


1.25 
10.50 
&89 
6.53 
4.10 

Water. 
8.00 
0.65 

Water. 

4.48 

Water. 

12.12 
Water. 

12.87 


100. 

100. 
99.96 
99.92 
98.40 

100.98 

99.08 
101.14 

99.99 

100.00 
99.79 

98.88 
100.00 


-JUMte.. 

OUgoelose 


AndeslBe 


Labradorite # . . , ^ 


•Masoorite 


Biottte. 


Phloiropite 


Hornblende (cftle.).... 
PyToz6n6 .»•• •••• •••• 


• 

Ctleite 


Talc 


CUwritB. 





Other minerals forming rocks of small extent, or entering 
so largely into their composition as to modify their character, are 
the following : gypsum, the hydrous sulphate of lime (of which 
a crystal is represented in Fig. 51), diallage, common salt, coal, 
bitumen, garnet, tourmaline, staurotide, epidote, olivine, and 
pyrites. 
. A few of these minerals exist in so large masses as to be de- 
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nominated rockg; e. g^ qaartz, carbonate of lime, etc., but in gen- 
Fig. 51. eral, from two to four of them are united to form 
a rock ; e. g^ quartz, feldspar and mica, to form 
granite. In some instances the simple minerals are 
so much ground down, previously to their consolida- 
tion, as to make the rock appear homogenous ; e. 
g,j shale and clay slate. 

Water constitutes a part of nearly all rocks, either 
chemically combined with the component minerals, 
or as a mechanical constituent of the rock itself. The 
latter is the more usual case. The more common 
hydrated minerals are talc, chlorite, gypsum, serpentine, diallage, 
and the zeolites. It is remarkable that the latter, occurring in 
volcanic or igneous rocks almost exclusively, should contain so 
much water, while many that are formed in sedimentary rocks 
have none. 

GEOLOGICAL SmXATION OF USEFUL ROCKS AND MINERALS. 

The rocks and minerals useful in an economical point of view 
are in a few instances found in almost every part of the rock 
series: but in a majority of cases they are confined to one or 
more places in that series. 

EXAHPLBS. — Ghrantte, Syenite^ and Porphyry .* found intmded among all 
the stratified rocks as high in the series as the Tertiaiy strata; but they are 
almost entirely confined to the Hypozoic rock& 

Oreenstone and BasaU are found among and overlying all the Hypozmc and 
fossQiferous rocks ; but th^ are mostly connected with the latter. 

Lava, some varieties of which, as FeperinOf are employed in the arts, 
being the product of modem volcanos, is found occasionally overlying every 
rock in the series. 

(Jlay: the common varieties used fbr bricks, earthem ware, pipes, etc., 
occur almost exclusively in the Tertiaiy and Alluvial strata. Porcelain clay 
results fix>m the decomposition of granite, and is found in connection wiUi 
that rock. 

Mari, or a nuxture of carbonate of lime and day, is chiefly confined to the 
Alluvial and Tertiary strata; and diflfers fix>m many varieties of limestones- 
only in not being consolidated. 

lAmestone, fi^>m which every variety of marble, one variety of alabaster, 
and every sort of quicklime are obtained, is found in ahnost every rock, 
stratified and unstratified. In the oldest stratified rocks and in the unstratl- 
fied it is highly oystalline ; and in the newer strata (e. y., chalk), it is often 
not at all crystalline. The most esteemed marbles are obtained from the 
Palaeozoic rocks, either unaltered or metamorphia 

Serpentine is connected with metamorphic rocks, either Hjrpozoic or Palsoo- 
isoic. It is not unfrequently associated with trap rocks in later periods. 

dypfum, or Fiaster of Parity is found in Europe in all the Mesoebio and 
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Tertiary strata. In this ooontry a little is found in the Paleesoio ndn, but 
in grea4»st abundaace in the Mesozoio and Gainozoic formations. Upon the 
Red River, in Texas, more than a hundred miles square of sui&ce are undei^ 
laid by seknite, a transparent variety. 

Bock SaM (Chloride of Sodium) is frequently found associated wiA gyp- 
sum, in the New Red sandstone. It occurs also in the Supercretaceous or 
T6rUary strata ; as at the celebrated deposit at Wieliczka in Poland, and in 
SicUy, and Oordona (3pcun), in Oretaoeoua strata ; in the Tyrol, in the Oolites; 
and in Durham, England, salt springs occur in the Coal series. In the 
United States they issue from the Silurian rocks. 

Forms of Vegetable Matter. — K vegetable matter be exposed 
to a certain degree of moisture and temperature, it is decomposed 
into tbe substance called peat, which is dug from swamps, and 
belongs to the alluvial formation. 

Lignite or Brown Coal, the most perfect variety of which is jet, 
is found in most of the series above the coal formations ; and ap- 
pears to be vegetable matters like peat which have long been 
buried in the earth, and have undergone certain chemical changes. 
It generally exhibits the vegetable structure. 

Bituminous Coal appears to be the same snbstance which has 
been longer buried in the earth, and has undergone further 
changes. The proportion of bitumen is indefinite, varying from 
10 to 60 per cent., and the coal is said to be dry or fat, according 
to the amount of bitumen present. 

There are several varieties of the bituminous coaL 

Pitch, or caking coal, is a velvet black, highly bituminous mass, 
which cakes or runs together during combustion. Cherry coal is 
like caking coal, but it does not soften and cake. It breaks so 
readily that much of it is lost in the mining process. Cannel 
coal is nearly black, with a fine compact texture and a conchoidal 
fracture* It burns readily like a candle, hence its name. Splint 
coal is a coarse variety of cannel coal. The Albert coal of Nova 
Scotia is perhaps to be regarded as a species of bitumen, beciuise 
ihe latter so much predominates. It has a bright, shining lustre, 
and ignites instantly upon contact with fiame. Coke is bitumin- 
ous coal artificially deprived of its bitumen. It is light, and 
approaches charcoal in appearance. Coke is occasionally found 
in nature ; especially in the neighborhood of dikes. All these 
Tarieties are found in the coal formation, and even in the Meso- 
zoic and Tertiary series. 

Anthracite is bituminous coal that has been deprived of its 
bitnmeDy usually by heat, under pressure. It thus forms a com- 
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pact heavy mass, igniting with some diflSculty. The anthracite of 
Pennsylvania, of enormous extent, is in the true coal measureS| 
and it is a curious fact, that as we pass westward — that is, recede 
from the metamorphic and nnstratified rocks of the Atlantic 
coast — ^the quantity of bitumen increases ; so that withih a few 
hundred miles the coal is highly charged with it The fact makes 
it extremely probable that the heat, which changed the metamor- 
phic rocks, also drove off the bitumen. 

The anthracite of Rhode Island and of Massachusetts, is in what 
may be called a metamorphic Coal Meld ; that is, the strata have 
been more acted upon and hardened by heat than is usual. In 
Rhode Island and in Bristol county in Massachusetts, the fossil 
remains are still found ; but in Worcester, where the bed of coal is 
seven feet thick, no trace of fossil vegetables has been discovered; 
and the rocks are considerably hardened and crystalline. The 
coal also is much more stony, and is partially changed into plam» 
bago. 

Graphitey Plumbago^ or Black Xeacf, appears to be anthracite 
which has undergone still further mineralization ; at least, in some 
instances, when coal has been found contiguous to igneous rock^ 
it is converted into plumbago ; and hence such may have been 
the origin of the whole of it. In the Alps, plumbago is found in 
a clay slate that lies above the lias* It is also found in the coal 
series. 

All the varieties of coal that have been described occur in the 
form of seams, or beds, interstratified with sandstones and shales ; 
and most usually there are several seams of coal with rocks be- 
tween them ; the whole being arranged in the form of a basin. 
Fig. 52 is a sketch of the great coal basin of South Wales, in 
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Great Britain ; which contains twenty-three beds of coal ; whose 
^nited thickness is ninety-three feet. When we consider how 
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much ihis srraBgement ^Eicilitates the exploration and working of 
coal, we can hardly doubt but it is the result of Divine Benevo- 
lence, 

The Diamond^ which is pure crystalized carbon, has been found 
associated with a variety of New Bed Sandstone, called itacolu- 
mite, at Golconda, India, and with talcQse schist in Brazil Both 
these rocks have been subject to high heat, and pressure, and 
hence perhaps the crjstalization of the carbon* In general, the 
diamond is found in drift ; having been removed from its original 
situation ; and we may always presume that every mineral exist- 
ing in the older rocks will be found also in Drift ; because their 
detritus must contain ih&aou 

It has been inferred from the jM«ceding facts that all the varie- 
ties of carbon, above described, had their origin in v^;etabie 
matter ; and that heat and water have produced all the varieties 
which we now find. 

iSems amd ifSstok.*— Almost aQ the predons stones, moh as the sapphire^ 
emerald, eptoeliy chrysoboyl, dirysophrase^ topac^ iolii^ garnet^ tourmaline^ 
eta, are found ezdushrely in the most crystelUne rooks. Quarts in the various 
fimns of rock dystal, dialoedony, cameltan, cadiolong; sardonyx, jvpet, etc^ 
is found sometimes in the Hesozoic strata, and especially m the trap rocks 
associated with them. 

8<»ne of the metals, as platinum, gold, silver, mercury, copper, 
bismuth, etc, exist in the rocks in a pure, that is, metallic state ; 
but usually they occur in the state of oxides, sulphurets, and car- 
bonates, »id are called ores. It is rare that any other ore is 
Ibund in sufficient quantity to be an object of exploration on a 
large scale. 

These ores occur in four modes: 1. In regular interstratified 
layers, or beds. 2. In veins or fissures, crossing the strata, and 
filled with ore united to foreign substances, forming a gangue or 
matrix. 3. In irregular masses. 4. Disseminated in small frag- 
ments through the rocks. 

. Iron is the only metal that is found in all the rock series in a 
work^le quantity. Among its ores, only four are wrought for 
obtaining the metal : viz., the magnetic oxide, the specular or 
peroxide, the hydrated peroxide, and the protocarbonate. 

< ICangaaese occurs in the state of a peroxide and a hydrate, and is confined 
to the metamorphic rocks ; except an imimportant ore called the earthy 
oxide, which exists in earthy deposits. 
The most important ores of copper are the pjritous copper, and the car- 



56 OBIGISrOFGOLD. 

bonatea. These are found in metamorphic rocks, in the Trias and the Ter- 
tiary. Immense quantities of native copper are mixed in the Lower Silurian, 
and Huronian rocks about Lakes Superior and Huron. 

The only ore of lead, of much importance, is the sulphiu^t This is found 
in the Laurentian series, in both the stratified and unstratified rocks : in the 
Hudson River group, especially in the "Western States ; but it exists also in 
the Mesozoic system. 

The deutoxide of tin is the principal ore of that metaL This is most com- 
monly found in the oldest formations of gneiss, granite, and porphyry ; also 
in the porphyries connected with red sandstone. It is found likewise in 
quantity sufiScient to be wrought in Drift. 

Of zino the most abundant ore is the sulphurety which is commonly asso- 
ciated with the sulphurct of lead, or galena. Other valuable ores are the 
carbonate, silicate, and the oxide, which occur in Mesozoic rocks. 

The most common ore of antimony, the sulphuret, has hitherto been^und 
chiefly in granite, gneiss, and mica schist 

The principal ore of mercury, the sulphuret, occurs chiefly in New Red 
sandstone : sometimes in a sort of mica schist. 

Silver in its three forms of a sulphuret, a sulphuret of silver and antimony, 
and a chloride, has been found mostly in Hypozoic and Palaeozoic slates ; 
sometimes in a member of the New Red Sandstone series, and in one instance 
in Tertiary strata. 

Cobalt, bismuth, arsenic, eta, are usually found associated with silver, or 
copper ; and of course occur in the older rocks. The other metals, which, 
on account of their small economical value and minute quantity, it is un- 
necessary to particularize, are also found in the older strata ; frequently only 
dissemmated, or in small insulated masses. 

The<yry of the origin and distribution of Gold. — Gold in its 
original situation occurs mostly in veins of quartz that traverse 
the older Palaeozoic slates and schists, frequently near their junc- 
tion with eruptive rocks. Sometimes also it is found in the latter. 
Talcose schist is the most usual gold-bearing rock ; the rocks con- 
taining it are metamorphic members of the Silurian, Devonian, 
and Carboniferous series — especially the first. In European 
Russia, for example, the Palaeozoic rocks, scarcely even yet solidi- 
fied, contain no auriferous bands ; but by following the same strata 
into the Ural Mountains, where they have been lifted up, and 
metamorphosed in conjunction with the intrusion of porphyry, 
green^ne, syenite, and granite, gold is seen to abound. 

But at what period was the gold introduced ? In the Mesozoic 
and Tertiary strata none, or scarcely none, is found, and yet those 
rocks were derived from the more ancient Palaeozoic members. 
Moreover, the loose deposits of gravel and sand, derived in part 
from the same Palaeozoic strata, are the chief repository of gold. 
Hence the conclusion is irresistible, that the older schists were not 
impregnated with gold, while the Mesozoic and Tertiary strata 



OBiaiN 07 GOLD. 57 

were in a course of deposition, but after that time, the protrusion 
of the eruptive rocks produced the gold. Since then aqueous 
and atmospheric agencies have worn down the auriferous strata, 
carrying the metal into the lowest places, and thus bringing it 
within the reach of man. 
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Origin and Piatribution of Gold, 



n^CLya represent the older slates, tilted up and metamorphosed by the in- 
trusion of the veins, c, r, c, etc., which impregnated them with gold. Origin- 
ally these slate mountains rose above 6, h. By their erosion the Secon&ry 
deposits d, and the Tertiary deposits, e, were produced before the injection of 
the auriferous veins, c, c, c, etc. After their injection, the same erosion went 
on, reducing the mountains to the line t, t^ and ^ling the low places with the 
deposits ^ h^ containmg gold. 

Thus it appears that gold was brought up from the earth's 
interior, a little time only (geologically speaking) before the 
appearance of man on the globe. Fishes and lizards, mollusks 
and crustaceans, did not need it ; and therefore it was delayed till 
a being was about to be created who did. 

The most important ranges of gold-bearing rocks are these: 
the Rocky Mountains, from Russian America through California 
and Central America, into parts of the Andes in South America ; 
the Appalachian and associated ranges, from Canada to Alabama; 
the Uralian Mountains in Russia ; and in Australia. The Califor- 
nian ranges are the most productive. In 1854, 481,950 lbs. Troy 
of gold were mined in the whole world, of which the United 
States produced 200,000 lbs., Australia and adjacent islands, 
150,000 lbs. ; and the Russian Empire, 60,000 lbs. 

With a few exceptions, working the original veins in which 
gold occurs has not proved remunerative, sanguine, as most gold- 
seekers are, that their fortune is made when they have discovered 
such a vein. But nature has done the work much better than 
man can, and collected in the lowest places gold in quantities, 
while in the rooks it is sparsely disseminated. Moreover, it is 
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found that gold veins, unlike those of most other metals, diminish 
in richness as we descend. 

It appears from the facts that have been detailed respecting die 
situation of the useful minerals that great assistance in search^ 
ing for them may be derived from a knowledge of rocks «nd th^ 
order of superposition. 

No geologist, for instance, would expect to find valuable beds of coal in 
the oldest crystalline rocks, but in the fossiliferous rocks alone; and even 
here he would have but feeble expectations in anj rock except the coal 
formation. What a vast amount of unnecessary expense and hibor would 
have been avoided, had men, who have searched for coal, been always ac- 
quainted with this principle, and able to distinguish the different rocks I Per- 
pendicular strata of mica and talcose schists would never have been bored 
into at great expense, in search of coal ; nor would black tourmaline have 
been mi^aken for coal, as it has been. 

By no mineral substance have men been more deceived than by iron pyrites : 
which is appropriately denominated /(ToT^ gold. When in a pure, state, its re- 
semblance to gold in color is often so great that it is no wonder those unac- 
quainted with minerals should suppose it to be that metal Yet the merest 
tyro in mhieralogy can readily distinguish the two substances; since native 
gold is always malleable, but pyrites never. This latter mineral is also very 
liable to decomposition, and such changes are thereby wrought upon the 
rocks containing it as to lead the inexperienced observer to imagine that he 
has got the clue to a rich depository of mineral treasures ; and probably nine 
out of ten of those numerous excavations that have been made in the rocks 
of this country, in search of the precious metals, had their origin in pyrites, 
and their termination in disappointment, if not poverty. This ore also, whea 
- decomposing, sometimes produces considecable heat, and causes masses of 
the rock to separate with an explosion. Hence the origin of the numerous 
legends that prevail reqsecting light seen, and sounds h^rd, in the mountain 
where the supposed treasure hes, and which so strongly coxifirm the ignorant 
hi th^ expectation of findmg mineral treasures. Now all this delusion 
would be dissipated in a moment were the eye of a geolo^st to rest on such 
spots^ or were the elementary principles of geology more widely difilised iii 
the community. 

Another common delusion respects gypsum, which is as often sought 
among the hypozoic as in the secondary and tertiary rocks ; although it id 
doub^ whethw gypsum has ever been found in the former. A few yearti 
since, however, a fanner in this country supposed that he had discovered 
gypsum on his &rm, and persuaded his neighbors that such was the case. 
They bought large quantities of it, and it was ground for i^;riculture, Wh^ 
accidentally it was discovered that it was only limestone : a fact that mig^t 
have been determined in a moment at first, by a smgle drq(> of acid. 

Caution. — ^It ought not to be inferred from all that has been said, 
that because a mineral substance has been found in only one rock, 
it exists in no other. But in many cases we may be certain that 
stich and such formations can not contain such and such minerals. 
Of these cases, however, the practical geologist can alonC judge 
with much cc^ectness, and hence the importance of an extensive 
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fu^qTlaintance with geology in the commanity. An amonnt of 

money much greater than is generally known has been expended 

in vain for the want of this knowledge. 

The chemical changes which rocks have undergone since their deposition, 
as well as the operation of decomposing agents to which tfaiey are now ex* 
posed, properly belong to the chemistry of geology. But these points will be 
deferred to subsequent sections^ because they will there be better nnder- 
stood. 



SECTION III. 

UTHOLOGICAL CHABACTBBS OV THB BOCKS. 

Thb litholoffical character of a rock embraces its mineral com- 
position and structure as well as its external aspect, in distinction 
from its zoological and botanical charactersi which refer to its 
organic remains. 

Bocks are deposited by water in two modes : first, as mere 
sediment, by its mechanical agency, in connection with gravity ; 
secondly, as chemical precipitates from solution. 

The first kind of rocks is called mechanical or sedimentary 
rocks ; the second kind, chemical deposits. 

As a general fact, the lower we descend into the rock series we 

meet with less and less of a mechanical and more and more of a 

chemical agency in their production. 

In the fossiliferous rocks we sometimes find an alternation of mechanioal 
and chemical deposits ; but for the most part, these rocks exhibit evidence o( 
both modes of deposit^ acting simultaneously. 

. It is difficult to conceive how any rode can be consolidated without mgie 
or less of chemical agency, except perhaps in that imperfect consoIidatioQ 
which takes place in ar^aoeous mixtures by mere desiccation. Even in 
tiie coarsest conglomerate there must be more or less of chemicai union be- 
tween the cement and the pebbles. 

Tlie most common mechanical rocks are sandstones, conglom- 
erates and shales. 

When sand is cemented, the solid mass is called sandstone ; 
rounded pebbles produce a conglom,erate^ or ^adding stone; and 
angular fragments, a breccia. 

Shale is regularly laminated clay, more or less indurated, and 
splitting into thin layers along the original lammation or planes 
<^ dq^ition. 
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Clay slate is a metamorpliosed clay, differing from shale in 
having a superinduced tendency to split into thin plates, which 
may or may not coincide with the lamination of the rock. 

Limestones embrace many varieties, as massive limestone, 
granular limestone, marbles, dolomite, oolite, chalk, and traver- 
tine. Most of these varieties are chemical deposits. 

The time during which a number of rocks grouped into a form- 
ation is in the process of deposition, that is, until some important 
change takes place in the material or mode of production, is called 
a geological period ; and the point of time when the change 
occurs is called an epoch. 

We leam much of the history of the world from the lithological characters 
of the stratified rocks. They indicate the mode of formation ; whether it was 
mechanical or chemical ; whether the temperature was adapted to the exist- 
ence of animals and plants ; and in connection with fossils, whether a deposit 
was marine or fresh water ; whether the deposition was made by a rough cur- 
rent or in placid waters ; and whether the water was deep or shallow. 

We shall describe the lithological characters of each of the great sys- 
tems in succession, beginning with the lowest stratified rock, and proceeding 
in an ascending order. In this way we shjJl incidentally read the history 
of the earth during the different periods. The uustratified rocks, som^ 
times associated with the sedimentary groups, will be described subsequently. 
According to our classification, the rocks are divided into the following 
systems: 

L STBA-TOIED BOCEB. 

I. Azoic, II. Palaeozoic, 

III. Mesozoic, IV. Oainozoia 

I. Azoic, Hypozoio (Sedgwick)^ Laxjrentian System (Logan,) 

The rocks to be described (including granite, porphyry, ete.,) were formerly 
called Primary, because they were supposed to have been produced before 
the deposition of the fossiliferous strata ; whereas it now appears that several 
of these rocks have in some instances been formed at a later period. The 
term Azoic signifies unfossiliferous, and is the most satisfactory appellation for 
these crystalline rocks, which are not only the oldest rocks upon the globe, 
but are also found among the higher groups. The term Eypozoic, signifies 
that the rocks embraced in the system lie beneath those containing fosdla. 
The term Metamorphic, which is sometimes applied to them, implies that- 
they have been altered since their original production : but the same is true 
of some rocks containing fossils. The term Laurentian applies only to the 
lower part of the Azoic rooks, the upper part forming the Huronian system. 
It is a local name, derived from the Laurentine Mountains, in Canada, where 
this system is well developed. Prof. H. D. Rogers calls the Hypozoio or Lau- 
rentian rocks, Grneissie, and the Huronian, Azoic. 

A subdivision of the Laurentian system has been proposed by Logan,* 
which has not yet been carried out into details ; viz., into those rocks which 
contam lime, either as carbonate, or as a lime feldspar, and those which are 
destitute of lime in any form. There is no certain^ order of superposition 
among the difiiarent groups of this formation ; but we shall describe them in 
the order in which geologists have supposed them most commonly to occur. 



▲ ZOIC BOCKS. 61 

1. Gneiss. — The essential ingredients in this rock are quartz, 
feldspar, and mica. The feldspars are both lime-feldspars, (Labra- 
dorite), and soda-feldspars, (Albite and Anorthite). Hornblende 
is sometimes present. These ingredients are arranged more or 
less in folia, and the rock is stratified. Where it passes into 
granite, however, (which is composed of the same ingredients), 
the stratification, as well as the foliation become exceedingly ob- 
scure ; and it is impossible to draw a definite line between the 
two rocks. Gneiss, as well as mica schist, are remarkable in some 
places for , tortuosities and irregularities exhibited by the strata 
and folia ; while in other places these same rocks are equally dis- 
tinguished for the regularity and evenness of the stratification, by 
which they are rendered excellent materials for economical pur- 
poses. 

Gneiss sometimes contains crjstala of feldspar, which give it a spotted ap* 
pearance, and this is called porphyritic gneiss, 

2. Mica schist — ^This consists of successive layers of mica and 
quartz, the former predominating. It is not unusual to find small 
crystals of feldspar, disseminated through it. Garnets and stauro- 
tide are often so abundant in it, over extensive tracts, as properly 
to be regarded as constituents ; hence the varieties, gameti/erous^ 
and staurotidi/erous mica schist. 

3- Saccharaid Azoic Limestone, — ^The limestone connected with 
azoic rocks is generally white and highly crystalline, resembling 
loaf sugar so much as to be called saecharoid. In some situations 
it is dark colored, or it may receive bright colors from minerals 
disseminated through it. It is often highly magnesian. Many 
authors prefer the term crystalline to saecharoid ; but many other 
limestones are crystalline. 

4. Talcose schist. — This rock consists of successive layers of 
talc and quartz. Mica, calcite, feldspar, and hornblende, are fre- 
quently present. Often talc is replaced by talcite, or some min- 
eral resembling talc. Talc is a hydrous silicate of magnesia, but 
the substituted minerals are silicates of alumma. Hence what is 
often carted talcose schist is only an altered variety of clay slate. 

Ycarieties.'^ln chlorite schist talc is replaced by chlorite, a hydrous silicate 
of alumina and magnesia. It is almost pulverulent and compact, of a green 
color, and the chlorite more abundant than the quartz. Steatite is often 
iK>thing but schistose talc, which is adherent enoug:h to be wrought, and 
at oth^ times it is somewhat granular and slightly indurated. This is the 
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yaliiable stone so extensively used for fhmaoei^ fire-places^ aqaednctai ebo;« 
tinder the name ofdoapsUme or freestone, 

5. Hornblende schist. — Hornblende predominates in this rock, 
but its varieties contain feldspar, quartz, and mica. When it is 
pore hornblende, its stratification is often indistinct, and it passes, 
by taking feldspar into its composition, into a rock resembling 
greenstone. It occurs in every part of the Azoic system ; but its 
most common associations are argillaceous slate, mica schist and 
gneiss ; into which it passes by insensible gradations. 

6. Quartz rock, — ^This rock is essentially composed of qoartz, 
either granular or arenaceous. The varieties result from the in* 
termixture of mica, feldspar, talc, hornblende, or clay slate. In 
these compound varieties the stratification is remarkably regular; 
but in pure granular quartz it is often difficult to discover the 
planes of stratification. It is interstratified with every one of the 
azoic rocks. 

The arenaceous varieties of this rock fonn good fireaitmea; that is stones 
capable of sustaining powerful heat Some varieties of mica schist are stUl 
better. Gneiss of an arenaceous composition is also employed ; as are sev- 
eral varieties of sandstone of different ages. The firestone of tlw Englitdli 
green sand is a fine siliceous sand cemented by limestone. 

7. Clay slate ox argillaceous slate. — ^Tliis is a fine-grained fissile, 
highly indurated rock, splitting into plates by cleavage, altogether 
independent of the original lamins. This superinduced structure 
may often be distinguished from the strata, by means of paralld 
bands of d^erent colors and textures traversing the rock. It is 
generally a dull blue, grey, green, or black color, sometimes brick 
red, sometimes striped, sometimes mottled. This rock is best de- 
veloped in the Cambrian series. 

KovacuMto or honestone is a compact variety of day slate^ which is highly 
prized for hones. It is less divided by deavage planes^ and has a vet^ Bdft 
and smoo^ feel 

8» Serpentine. The description of this rock as a mineral em- 
braces all that is needful to say of it in this place. We need, 
therefore, only refer to page 61. 

n. PALJEOZOXC 8T8TB1C. 

The Palssozoic rocks, or those in which the didest forms <Jt 
life are tow^ unbrace deposits of vast thickness, fli^ jurf 
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1; The Cambrian^ 2. The Silurian^ 3. Th« Devonian^ or Old 
Red Sandstone^ 4. The Carboniferous or Coed Formation^ and 
^•^%6 Permian System. 

1. 7%e Camirtan or Huronian Series. 
There has been much discussion among English geologists as 
io the upper limit of the Cambrian system. The most satisfiac- 
torj classification makes of it a vast thickness of sandstones, 
schists, and slates underlying the Lingula fags in England, and 
the Potsdam sandstone in this country. Scarcely any organic 
remains are found in it in Europe, and none as yet in this coun- 
ttj. Perhaps half of this group in Great Britain is clay slate. 
Its beds are there 26,000 feet thick. The term Cambrian is de- 
rived from the ancient name of Wales. 

These rocks cover extensive areas in Great Britain, particulariy in Wales, 
from which the weU-known Welsh roofing slate is obtained ; also in Ireland, 
Bohemia^ and Scandinavia. Thej have been recognized in this coontry but 
recently. Logan has described a series of rocks about Lake Huron, referable 
to tliis group, which he has called the Hwr&nian Group, The lowest member 
is a bluish slate, reposing ' unconformably upon the Laurentian rocks, suc- 
ceeded upwards by various colored sandstones, slates, and an occasional band 
of limestone ; the whole being 12,000 feet thick. Professor Rogers hat 
described some rocks of that age in Pennsylvania. 

2. 7%« Silurian Series. 
This system rests unconformably upon the Huronian series at 
Lake Huron, and elsewhere iii this country upon the Laiirentian 
group, and in Europe upon the Cambrian series. It is divided 
into the Upper and Lower Silurian, distinguished from each other 
by want of conformity and peculiar organic remains^ 

Fig. 54. 
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In Fig. 54 the position of the Silurian and Devonian rocks is shown as 
they occur in the Western part of New York. The Huronian group is want- 
ing, as well as several of the other subdivisions, upon this section. It is very- 
rare to find all the members of the series at one locality. For example, the 
Onondaga salt group is found only in Western New York and in British 
America. Elsewhere the Lower Helderberg limestone may succeed directly 
to the Niagara group. 

1. Lower Silurian. — ^The Potsdam sandstone is a purely silicious sandstone. 
The Cakiferous sandrock is a calcareous sandstone or an impure limestone ; 
sometimes magnesian. The CJiazy and Trenton limestones are black fossilifer- 
ous limestones. The UHca slate is a black shaly limestone. The Ixmer Hud- 
son river group is mostly day slate ; but in the Western States its jdace is 
occupied by Umestone ; the upper part of the so called dif limestone. Some- 
times there is an unconformability between the Lower and Upper Silurian, 
as in England, and at the mouth of the St. Lawrence river in this country. 

2. Upper Silurian, — ^The Oneida conglomerate is Tisually purely sOicious, 
but passes insensibly into calcareous sandstone ordolomitic limestone in some 
districts. The Medina sandstone is a red sandstone, or shale. The Upper 
Hudson river group is partly clay slate, and partly talcose schist, with occa- 
sional beds of limestone. It has as yet been found only in Western New 
England or Eastern New York. The CUnton group is an alternation of shales, 
limestones, and iron ores or iron sandstones. The Anticosti group is an assem- 
blage of argillaceous limestones occurring upon the island Anticosti in the 
Gulf of the St. Lawrence. It is probably equivalent to the formations be* 
tween the Lower Hudson river group and the Clinton group. 

The Niagara group is an alternation of limestones and shales ; and some- 
times the shales are wanting. The Onondaga salt group is an alternation of 
limestones and shales, the limestones predominating, from which issue salt 
springs. The Lower Helderberg Umestone is a highly fassiliferous dark colored 
limesume, and is very persistent, while the previous member is most usually 
wanting. 

The European members of the Silurian System are likewise composed of 
sandstones, limestones, and shales. The Yellowing figure repres^its the g^i*"* 
eral order of these groups in Europe^ with their names. 

Fig. 65. 
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The Silurian rocks occupy large areas in Belgium, Germany, Scandinavia^ 
and Russia, as well as in North and South America. 

There has been much discussion among English geologists as to the limits 
of the Cambrian and Silurian series. JMurchison regards them both as Silu* 
rian. Sedgwick divides the Cambrian into Lower, Middle, and Upper, and 
his Upper Cambrian is the same as what we hat^ called Lower Silurian. 
The -government surveyors of England have compromised these views, and 
describe these series as Cambrian, (Lower and Middle of Sedgwick), Lower or 
Cambro-SUurian) and Upper Silurian. 
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B, The Devonian or Old Red Sandstone Series. 

The position of the different formations of the Devonian series has been 
already shown. The Oriakany sandstone, the Oock-taU griiy and the Sdioharie 
grit are mostly silidous. Thej are succeeded by a peraistent fi)sfliliferouB 
limestone, the Upper Belderberg, The MarceUus shales are composed of clay 
slate ; the SdmiUon group of thick bedded grits, used extensive]y fbr flag- 
ging stones, and slates ; and the Genesee slcUes are also argillaceous. The 
Portage and Chemung groups are mostly grits and shales. The CfaiskiU Bed 
Sandstone^ the upper member in this country, constitutes the Catskill Moun- 
tfflns in New York, where they are 3,000 feet thick. The whole thickness of 
the system in this country in ll^tdO feet 

In Great Britain this system has long been known as the Old 
Red Sandstone, and was denominated Devonian by Sedgwick and 
Murchison, to designate the Old Red Sandstone as it was developed 
in Devonshire. In Scotland this formation is not less than 10,000 
feet thick. In England it is divided into three groups : 1. Tilestone^ 
or fissile beds nsed sometimes for tiles. 2. Cometone and Marl^ 
or argillaceous marly beds, alternating with sandstone, and some* 
times with impure limestone. 3. Old Bed Conglomerate^ the 
uppermost division. 

This formation is widely developed on the continent of Europe, as in Bel- 
gium and Westphalia, France and Spain. In Russia it covers more surface 
than the whole of Great Britain, not less than 150,000 square miles. In the 
United States it occupies extensive tracts. 

4. Carboniferous series, or Coal formation. 

- This system derives its name from the great amount of coal 
found in it ; it being the principal deposit from which coal is de- 
rived for economical purposes. In this country there are four 
general divisions : 1. ^ conglomerate, 2,660 feet thick in Pennsyl- 
vania. 2. Carboniferous Limestone, or Red Shales and Limestone, 
in Pennsylvania, 3,000 feet thick. This Limestone is gray and 
compact, traversed by veins of calcite, and is abundantly fossilif- 
erous. When it is mostly made up of the remains of encrinites, 
it is called JEncrinal Limestone. In England, where it forms the 
lowest member of the series, it is called Mountain Limestone. 
(See Fig. 62, on page 54). 3. A conglomerate, less than half the 
thickness of the lowest division. This is the millstone grit of 
Europe. 4. The true coal measures. These consist of irregularly 
interstratified beds of sandstone, shale, and coal. Frequently 
these are deposited in basin shaped cavities, but not always. 



The foQomag sectkm <^ 0axi)oni£eiou8 rocks, ia Ohio, wi& Ulnstratd the 
alternaaons of coal, shale^ etc 

1. Sandstone^ ........ 

2. Coal, 6 feet 

3. fine-grained slaty sandstone, 50 feet. 

4. Silicious iron ore, 1.6 feet 

5. Argillaceous sandstcme^. ..... 76 feet 

6. Coal, 3 feet 

7. Shale, containing vegetable impressiona^ . . 4 feet 

8. Sandstone, ....... 80 feet 

9. Iron ore, 1 foot 

10. AigiUaoeooa sandstone^ 80 feet 

These rocks abound in faults produced by i^eous agency; 
^whereby the continuity of the beds of coal is interrupted, and the 
difficulty of exploring for coal increased in some respects ; but in 
other respects facilitated ; so that upon the whole, these fiaults are 
decidedly beneficial 

Hie thickness of the coal formation in Pennsylvania is about 
7,000 feet; in Nova Scotia, 13,000 feet, in which there are 1^ 
beds and seams of c6al ; in Great Britain 12,000 feet. 

Coal has been found in nearly all parts of' the world. Great 
Britain has 12,000 square miles of coal-fields, ihe continent cf 
Europe about 10,000 square miles ; the area of coal-fields in Nova 
Scotia and New Brunswick is 7,000 square miles, and in the United 
States there are more tlian 200,000 square miles underiaid by beds 
of coal. 

Of particular coal Adds in the United States Ihe largest is the Appala- 
chian, extending from Ohio and Northern Pennsylvania to Alabama^ em- 
bracing 80,000 square miles. Others are the Indiana^ IDinoi^ a^ Kentucky 
coal-field, covering ao area of 60,000 square miles ; the Iowa and Missouri 
coal-field, 60,000 square miles; the Michigan coal-field, 15,000 square miles^ 
and the New England coal-field, 600 square miles. Still fiirther west and 
south, the carbou&rous rocks with coal are found, as in the southwest purt 
of Nebra^a, the east part of Kansas, and the north part of Texas. Sdll further 
west) along the eastern base of the Rocky Mountains, and extendmg nortii 
into the British possessions, are extensive deposits of Ugnite, either of Creta- 
ceous or Tertiary age. They fiimish a coal of much value, but not as good as 
that which is older. Those d&poAtB have not yet been traced out; but wiU 
undoubtedly be found of great extent See R. Engleman'e Report to Captain 
Simpsofiy appended to the kUter^s Report on Wagon Routes, etc., tn Uiah 2brrt* 
iory, page 49, 1858. 

In McClintock's late Narrative in search of the remains of Sir John Frank* 
lin, (1860X is a Geological Map, whkdi represents carboniferous sandstones 
With beds of coal extending fh>m Lat 72 to 11", and Long. 92 to 125°. This 
is represented on the smaU Geological Map of North America^ attached to 
Part Y, of this work. Truly we do not yet know, by a great deal, the extent 
of the coal fields of this country. 



• Ptofessor H. B. Bogers states approximately the amount of coal 

in the most important coal-fields in the world, as follows : 

Belgium 3€,000,000,000 tons. 

France, • 69,000,000,000 tons. 

^itish Isles, 190,000,000,009 tons. 

Pennsylyania, ....•• 316,400,000,000 tons. 

Appalachian coal-field, ..... 1.387,500,000,000 tons. 

Indiana^ Dlioois, and Kentucky; . • • 1,277,600,000,000 tons. 

Iowa, Missouri, and Aiicansas, . • • . 739,000,000,000 tons. 

Total amount in North America, . « . 4,000,000,000,000 tons. 

In some parts of the world they are beginning to calculato how long their 
Supplies of coal will last. In En^and not less than 6,000,000 tons of coal are 
yearfy raised from the mines of Northumberland and Durham ; at which rate 
they will be exhausted in about 250 years. In South Wales, however, is a coal 
field of 1,200 square miles, with 23 beds, whose total thickness is 96 feet; 
and Ibis will supply cod for 2,000 yean more. In North America tiiere is 
twenl^-one times as much coal as in Great Britain. Estimating our annual 
consumption <^ coal at twelve millions of tons, there is coal enough in North 
Ammca to last 333,333 years.* 

6. The Permian Series, 
' In Germany and England the Permian Series presents two 
very distinct groups of rocks ; the lowest is made np of sand- 
stones of Tarious colors, with slates containing copper, and the 
highest is composed of magnesian limestones of various qualities. 
The Permian system consists of numerous strata of great ex- 
tent in Russia, (tbp miles long and 400 broad), in the ancient 
Hngdom of Permia, made up of common and magnesian lime- 
atones, with gypsnm and rock salt conglomerates, red and green 
gritstones, shales, and copper ore, lying in a trongh of the car- 
boniferous strata, and below the Triassic system. 
' Until quite recently it was supposed that there were no Per- 
mian strata in North America. Quite extensive deposits, however, 
have been found in Kansas, Illinois, and Nebraska. Lithologically 
fhey are limestones, shales, and* layers of clay. 

Professor Bmmons claims to have discorered Permian strata in North 
GaioHna, and supposes that a large part of the sandstones along the Atlantic 
sk^ of the Appalachians are of the same age. It is probable that some of 
tiie lowest members of this deposit are of tUs age, but it needs positive 
pKOoC 

ni. MBSOZOIC SYSTEM. * 

Under Mesozoio rocks are included all those from the top of 
the Permian to the base of the Tertiary. These are, 1. The Trua 

' * C^reat Britain mined in 1864, 64,661,401 torn of eoal, and prodneea now about 
67,000,000 tons annually. The United States produced in 1857, 10,600,000 tons. In the 
Whole world it is estimated that about 100,000,000 tons of eoal are annuaUj consumed. 
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or New Red Sandstone, 2, tbe Jurassic series, and' 3, the Cretti- 
ceous or chalk series. 

1. Triassic Series or Nevi Red Sandstone, 
In Continental Europe the Triassic System is divided into three 
distinct group^ and hence its name. The lowest is the Bunter 
Sandsteiuy or Gres Bigarre ; both terms meaning Tariegated sand- 
stone. The colors are white, red, blue, and green. The composi- 
tion of the rock is chiefly silicious and argillaceous, with occasional 
beds of gypsum, and rock salt The second group is the Musckd^ 
kalkj a gray compact limestone, occasionally dolomitic This 
member is wanting both in Great Britain and in this country ; 
and hence there is great difficulty in distinguishing between tiie 
upper and lower divisions. The highest division is tlie Variegated 
Marl, or the Keuper. It consists of indurated clays of different 
colors, chiefly red, alternating with gray sandstone and yellowish 
magnesian limestone. Beds of gypsum and rock salt are common. 

In this country this sjstem is probably represented in a part of the Oonr 
necticut River sandstone. 

In the Western parts of the United States, in the vicinity of 
the Rocky Mountains, there are deposits referable, it is said, to 
this series, 

2. The Jurassic Series, 

The Jurassic series, so called from its occurrence among the 
Jura mountains in Switzerland, embraces the Lias, the Oolite, and 
the Wealden formations of England. 

Lias. — Lias is a rock usually of a bluish color like common clay ; 
and it is indeed highly argillaceous, but at the same time generally 
calcareous. Bands of true argiUaceous limestone do, indeed, occur 
in it, as well as of calcareous sand.* It is widely diffused ; is very 
marked in its characters, and contains peculiar and very interesting 
organic remains. 

Oolite, — In many of the rocks of this series small calcareoqs 
globules are imbedded, which resemble the roe of a fish,, and 
hence such a rock is called roestone or Oolite. But this structure 
extends through only a small part of this formation, and it occurs 
also in other rocks. 

The Oolite series consist of interstratified layers of clay, sand- 
stone, marl, and limestone. The Oolite proper, is divided into three 
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groups, called the upper, middle, and lower, separated by clay or 
marl deposits. 

The upper part of the Connecticut River sandstone, is probably of Jurassic 
age, as well as the long belt of Mesozoic rocks, or a part of them, along the 
A^ntlc slope of the Appalachians. The fine ooal-field near Richmond, Vir- 
ginia, is also Jurassic. The Oolite in ' England, contains a large number of 
reptilian remains: and in this country the Connecticut River sandstone con- 
tains the remarkable fi^ssil footmarks or tchnites, 

Weaiden FormaUon, — ^This formation embrace 1. The Weaid Clay; 
2. Hastings Sand; 3. Fwrheck Strata, They were first described in the South- 
east of England, chiefly in the weatds or woods of Sussex and Kent, and are 
composed of beds of limestone, conglomerate, sandstone, and clay, which 
abound in the remains of fresh water and terrestrial animals, and appear to 
have been deposited in an estuary that once occupied that pEOt of England. 
Similar beds occur in Scotland, and in a few places on the European Conti- 
nenL Some place the Wealden under the cretaceous formation, as below. 

3. Cretaceous Series. 

In Europe and Asia, this series is usually characterized by the 
presence of chalk in the upper part, and sands and sandstones in 
the lower. In North America the chalk is wanting. 

Hg. 66 represents the succession of strata at Lulworth Cove in England, 
and their connection with the Wealden formation. 



Fig. 66. 
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Section of (he English Oretaeeaua, 



Hastings sand, j^ealden. 



Purbeck strata, 
Lower greensand, J 



Gault, 



> Greensand, 



Upper greensand, ) 
Marly and lower, ) ^j^^^ 



*l. Upper, 



Section of the Oretaceoua in 
Nebraska. 

1. Yeilpwish sandstone. 

2. Dark gray clay. 

3. Lead gray marl. 

4. Btuisdi plastic clay. 
6. Arenaceous daya 



Section of the Cretaceous in New 
Jersey, 






i| 



1. Bine day and Potters day. 

2. Dark-colored clay. 

fS. " with greensand. 

I 4. Greensand, 1st or lower bed. 

I 5. Ferruginous sand. 

[6. Greensand, 2d. bed. 

7. Quartzose sand. 

8. Greensand, 3d. or upper bed. 



The principal cretaceous formations in the United States are in New Jersey 
and in the Southwestwn and Western Territories. The latter deposits cover 
amy tboiiSa&d square miles. We have given above sections of these two 
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deponte, parts of each oontaining the same fossils. The exact ooirespondenoe 
of the £tiropeaQ and American strata is not yet ascertained. 

Chalk is a pulTerolent carbonate of lime, and its varieties have resulted 
from the impurities that were deposited with it. The upper beds are remark- 
able for the great quantity of flints dispersed through them, generally la 
parallel position. The famous Dover difb in England are composed of 
chalk. 

Oreensand is a mixture of arenaceoias matter, with a peculiar green sub- 
stance greatly resembling chlorite, or green earth. It has been used exten* 
sively as a fertilizer, as it contains large quantities of silicate of iron and 
potassa. , 

CfauU or OaU^ is * i»roTincial name for blue day or marl, ftmunl; an ia* 
tdrstratified bed in the greensand of England. 

rV. CAINOZOIC 6TSTEK. 

These include all the more recent formations^ viz. : 1. the T^- 
tiary, and 2. the Alluvimn. 

1. Tertiary Series. 

The Tertiary rocks have been divided into three distinct groups 
of marine strata, distinguished by important peculiarities in their 
organic remains, and separated from one anodier by strata which 
contain fresh water and terrestrial remains. 

Lyell has given names to these groups which are generally 
lUiopted : 1. the Eoceney signifying the dawn^ or commencement of 
the existing types of organic life, and containing about four per 
cent, of shells identical with living species. This is divided into 
three parts : the Lower Eocene, embracing the Nummulitic form- 
ation of the Alps and the London clay ; the Middle Eocene, em- 
bracing^ portions of the Paris basin, etc., and the Upper Eocene, 
embracing the upper marine beds of the Paris basin, etc. 2. Hie 
Miocene {less recency containing about twenty-five per cent, of 
shells identical with living species. 3. The Pliocene {more recent) 
or Newer Tertiary^ containing shells, of which about two-thirds 
are identical with living species. 

Tn Europe and Asia^ the rocks of this period are found principal^' in 
basins, apparently deposited in lakes and estuaries <^ limited extent, jton- 
don, Paris, and Vienna, are each edtuated upon Tertiary basins. Fig. 57 
represents the London basin, lying in a trough of the Obalk smes. 

In Korth America the Tertiary deposits are found chiefly upon the AUantio 
seaboard, and upon the Gulf of Mexico, running northerly into the Territories, 
There is a remarkable deposit of this age m Nebraska, upon the Mawma 
Terres or Bad Lands upon White river. Local names have been given to the 
difibrent deposits, whose relation to the European divisions is as mllows: ^tte 
daibome Period corresponds to the Lower Eocene; the Viduffwrg Period ta 
the Upper Eocene; and the Yorktoum Period to the MiootM aad PliocMM* 
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The Tertiary rocks are in general distinctly stratified, and the 
strata are usually horizontal. But in some cases, as at the Isle of 
Wight and upon Martha^s Yineyard, they are inclined at a large 
angle. 

Tlie Tertiary rocks are mostly of mechanical origin : neverthe- 
less, several beds are the result of chemical precipitation; as 
gypsum, limestone, and rock salt. 

The varieties of rocks composing the Tertiary strata are con- 
eret^nary, tufaceous, argillaceous, and silicious; or limestone, 
marl, plastic clay, silicious and calcareous sands, green sands, 
gypsum, lignite, rock salt, and buhrstone. 

2. Alluvium, 

Much of this deposit consists of materials which have resulted 
from the comminuting, rounding, and sorting action of water, 
and hence the name from alluviOf an inundation, or alluo^ to 
Wash. 

Alluvium is divided lithologically into two sections ; Dri/ty and 
Modified Drift^ or Alluvium proper. Chronologically, it is divided 
into four periods : 1. The i>ri^/ Period; 2. The -B«acA Period; 
8. The Terrace Period ; and 4. The Hietorie Period^ or the pre- 
sent system of life and action. 

!• JDnft. 

Owing to the diversity of opinion that has prevailed respecting 
the origin of this deposit, it has received various names, such as 
diluvium^ bowlder formation^ erratic block group, etc. The term 
diluvium is objectionable, because it implies that its origin was the 
deluge, or some deluge, the very point to be proved. Drift is a 
belter Usrm^ becaiue short and free from hypothetical allusions. 
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A bowlder is a loose block of stone larger than a pebble, and 
either rounded or angular. 

Drift is a mixture of abraded materials — ^bowlders, gravel, and 
sand, blended confusedly together, and driven mechanically for- 
ward by some force behind. Yet in some places there are marks 
of stratification or lamination, as if water had been concerned in 
the work of deposition. 

Drift is distinguished from the Tertiary by lying always above 
it ; and by the peculiarities of the organic remains ; and from 
modified drift, by always lying beneath it, and being less com- 
minuted. 

Modified drift is not only stratified and laminated, but sorted 
also ; the size of the fragments thus selected depending upon the 
force of the current that did the work. Drift is usually not 
sorted; sometimes it is so in particular places. 

It is difficult to draw the precise line between drift and unmodified drift, 
because they blend iato each other. Modified drift is always stratified, while 
^e drift is generally a heterogenous mixture without arrangement, yet large 
bowlders are sometimes imbedded in sand, as if there were sometimes a oom- 
bination of forces in accumulating the same pile. 

The bowlders so characteristic of drift are sometimes seen in- 
sulated upon other rocks, and so equally poised that a small force 
will make them oscillate, though weighing manj tons. Thej are 
called Hocking Stones, 

Pig. 69 rei«esent8 a rocking stone in Fall Eirer, Massachusetts, poised upon 

Fig: 68. 




Hocking Stont, Barrty 3f<tMaehu$6tU. 

granite, and weighing 160 tons. Fig. 68 shows another, a double one, !a 
Barre, Massachusetta 

Many of the most valuable of the precious stones and metals 
are found in drift ; such as the diamond, the sapphire, the topaz. 



MODIFIED DRIFT. 
Fig. C^. 



^3 




Booking StoM, Fall Biver, MdataekuuUs, 

the ruby, and the zircon; as well as platinum, gold, and tin. 
Platinum, gold and the diamond, are explored almost exclusively 
in this formation. 

2. Alluvium Proper^ or Modified Drift. 

Considered lithologically. Alluvium embraces the following 
deposits : 

Soil. 
Clay. 
Sand, 
-^eat 
Marl. 
Calcareous Tufa, 

or Travertin. 
Coral Reef. 
Silicious Sinter. 



Silicious Marl, or deposits of the skele- 
tons of Infusoria. 
Bitumen. 
Sulphate of Lime. 
Hydrate of Iron. 
Bog Manganese. 
Chloride of Sodium (Sea Salt). 
Sandstones, Conglomerates, and 
Breccias. 

Soil is disintegrated and decomposed rock, with such a mixture 
of vegetable and animal matter that plants will grow in it. 

Clay differs from sand in two respects : 1. The materials have been re- 
duced to a much finer state than sand; 2. It contains much more alumina. 

The vast accumulations of sand^ the result of alluvial agency, 
occur not merely in the bed of the ocean and in lakes, but also 
upon the dry land, where they are called dunes or dovms. Thes« 

4 
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are composed almost entirely of silica ; and being destitute of 
organic matter, can not sustain vegetation. 

Peaty when perfectly formed, is destitute of a fibrous structure, 
and when wet is a fine black mud ; and when dry, a powder. It 
consists chiefly of ^ the 'decomposed organic matter called geine or 
kumic acid, with crenic and apocrenic acids, phosphates, etc., part 
of which are soluble, and a part insoluble, in water. These de- 
posits of peat are sometimes 30 or 40 feet thick ; but they are 
not formed in tropical climates on account of the too rapid de- 
composition of the organic matter. 

Alluvial marl is usually a fine powder, consisting of carbonate 
of lime, , clay, and soluble and insoluble geine ; and is found 
usually beneath peat in limestone countries ; sometimes at the 
bottom of ponds. It is produced partly by the decay of shells of 
molluscous animals, and partly by the deposition of carbonate of 
lime from solution. It contains numerous small fresh water sheUs, 
and has hence received the name of shell marl. 

Other hinds of Marl. — Several other substances, that contsdn no carbcmate 
of lime, have often been denominated marl, by agricolturists, and not with- 
out reason ; for they have produced effects analogous to calcareouB marL But 
it seems very desirable that terms should not be applied too loosely, and we 
propose the following deognations for these substances : 

Cdlcareotis Marl: that which contains carbonate of lime in anj (^nantity. 

SUicUms Marl: that in which silica predominates, and no calcareous matter 
is present. 

Aluminous Marl: that m which clay predominates, and no calcareous mat- 
ter is present. 

Greensand Marl : that which contains greensand. This is the substanoe 
that has been of late Employed with signal success as a fertilizer of land in 
New Jersey, Virginia, Delaware, etc. 

Calcareous tufa or travertin is a deposit of carbonate of lime, 
made by springs containing that substance in solution. It forms 
a solid limestone, sometimes even crystalline, and of considerable 
extent, so as to be used for architectual purposes. Thermal 
waters produce it most abundantly, as in central France, Hungary, 
Tuscany, and Campagna di Koma ; but it is also deposited by 
springs of the ordinary temperature, as at Saratoga and in the 
Apennines. Travertin is also precipitated by rivers, as in Tuscany. 

Very similar to travertin are the concretionary calcareous de- 
posites formed in caves : those depending from the roof, like icicles, 
are called stalactites, and those on the floor, stalagmites. Often a 
stalactite and a stalagmite unite and form a column. 
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Coral reefs are extensive deposits of carbonate of lime, etc., 
formed by myriads of coral animals in shallow water, in tropical 
seas. They form the habitations of these animals, and of coarse 
are organic in their structure. 

SiUdous tinier, or iufa^ is a deposit of silica^ made by water of thermal 
springs, which sometimes hold that earth in solution. SuooessiTe layers of 
sinter and clay frequently occur, and these are sometimes broken up and re- 
cemented 80 as to form a breccia. 

Siheious maH^ or the fossil shields of mioroseopic plants and animak. Be- 
neath the beds of peat and mud in the primary regions of this country, a 
deposit often occurs from a few inches to several feet thick, which almost 
exactly resembles the calcareous marl that is found in the same situation. 
When pure, it is white and nearly as light as the carbonate of magnesia; but 
it is usually more or less mixed with day. It is found by analysis to be 
nearly pure silica ; and it turns out to be almost entirely composed of sili- 
cious ^elds, or skeletons, of those microscopic animals called infusoria, or 
of plants which have lived and died in countiess numbers in the ponds at 
the bottom of which this substance has been deposited. 

Some springs produce large quantities of bitumen in the form of naptha 
and asphaltum. 

Although stUphale of Ume very generally exists in the waters of springs, 
yet it is rarely deposited. One or two examples only are mentioned, where 
a deposit of this salt has been made ,* as as the baths of San Philippo^ m 
France. 

The Hydrated peroxide of iron or hog or« is a common and 
abundant deposit from waters that are capable of holding it in 
solution ; and it appears, also, that this ore is often made of the 
shields of infusoria, which are often ferruginous. 

Chloride of Sodium^ or rock salt, is sometimes deposited in 
inland seas or salt water lagoons. The salt is precipitated only 
when the water is completely saturated ; or in small lagoons, the 
water might be evaporated, leaving the salt behind. 

The waters of Lake Elton, in Asiatic Russia, and of other lakes 
adjoining the Caspian Sea, have deposited thick beds of rock salt 
at their bottom. The same is true of Lake Indersk, on the steppes 
of Siberia ; of Lake Bakr Amal, in Ethiopia ; in Patagonia' ; and 
in a lagoon adjoining Lake Oroomiah, in Persia. The bottom is 
covered by an incrustation of salt from three to five inches thick. 

AlluvuU sandstone^ conglomerate, and breccia, are formed by the 
cementation of sand, rounded pebbles, or angular fragments, by 
iron, or carbonate of lime, which is infiltrated through the mass 
in a state of solution. They are not very common, nor on a very 
extended scale. 

Thickness qf Strata. — ^If all the stratified rocks have been 
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deposited from water, as we suppose, the layers must have been origi- 
nally nearly horizontal. Rocks are not usually inclined more than 
ten degrees by original deposition, but there may be cases where the 
angle would be as large as 25*" or 30° over limited areas. Hence 
if we get the perpendicular thickness of a series of strata we 
ascertain the character of the crust of the globe to that depth. 

If we i!neasare the breadth of a series of upturned strata, on a line at right 
angles to their strike, and ascertain their dip, we have given the hypothenuse 
and angles of a righ^angled triangle to find the perpendicular, which is the 
thickness of the strata. If the strata are perpendicular, a horizontal line 
across their edges gives their tbiekness. 

In calculating the thickness of rocks in any given district, we 
must be careful not to measure the same strata more than once. 
For when strata are folded over, the upper beds will.be folded 
beneath the lower and dip at the same angle. Especially if the 
crest of the fold has been denuded is there danger of mistake. 
Without regard to this principle, most enormous thicknesses might 
be calculated. 

By measurements and calculations of this sort, it has been ascer- 
tained that the total thickness of the fossiliferous strata in Europe 
is not less than 15 miles. In this country, as has been already 
shown, the total thickness of the fossiliferous strata is nearly ten 
miles. 

We see from these statements how groundless is the opinion, that 
geologists are able to ascertain the structure of the earth only to 
the depth that excavations have been made, which is less than a 
mile ; especially when we recollect that the unstratified rocks are 
uniformly found beneath the stratified ; and since their igneous or 
aqueo-igneous 'origin is now generally admitted, it can hardly be 
doubted that they came from very great depths ; so that probably 
the essential composition of the globe is known almost to its 
center. 

TTNSTRATIFIED OB IGNBOUS BOOKS. 

The differences among the unstratified rocks result from two 
causes. 1. A difference in chemical composition. 2. The diversity 
of circumstances under which they were produced. 

All the varieties of these rocks pass into one another by insen- 
sible gradations, even in the same mountain mass ; giving rise to 
endless varieties, which can not be described minutely in a treatise 
like the present 
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The two predominant and cbaracteristic minerals in the un- 
stratified rocks are feldspar and pyroxene, or hornblende. 

pTToxene and hornblende have very nearly the same chemical constitution, 
«nd seem capable of being converted into each other. 

It is now agreed among geologists, that the nnstratified rocks 
have resulted from the action of heat, either as dry heat or from 
aqueo-igncous fusion. Hence the best writers denominate them 
Igneous Eocks, and divide them, as in our classification in Section 
I., into three groups : 1. Granitic ; 2. Trappean ; 3. Volcanic. 

The following table shows to what divisions the diS^nt igneous rocka 
belong. 

Gbanitio Eocks. 
QuariZt feldspar^ and mica^ or hornblende^ etc Quartz and feldspar. 
Granite. Tabular granite. Pegmatite. 

Syenite. Ck)ncretionary granite. Eurite. 

I^otogine. 

Teappean Books. 
JSUiceo^ddspathic Fddspar and hornblende^ eie. 

Porphyry. Greenstone or Diorite. 

Felstone. Melaphyre. 

Pitchstone. Andesite. 

Clinkstone. Hypersthene rock. 

Hornstone. Hornblende rock, etc. 

Comean. 

VoLCAino ROOK& 
JEssefUiaUy fddspathie. Feldspar and augiie. 

Trachyte. Basalt or Dolerite. 

Trachytic porphyry. Amygdaloid. 

Domite. Peperino. 

Pearlstone. 
Obsidian. 
Pumice. 
Tuff. 

The melted matter that is ejected from a volcano, or remains 
within it, is called lava. Hence it is not improper to apply the 
term to any rock that is proved to have been in a melted state. 
But it is usual to confine it to the more modem nnstratified rocks, 
sHch as have been ^ected from a crater. 

Lava cooled rapidly, and not under pressure, forms glass, or 
scoria ; but cooled slowly, and under pressure, it becomes some- 
times crystalline. Now the older nnstratified rocks, such as 
granite, syenite, porphyry, and greenstone, are more or less cry- 
stalline ; whereas basalt, trachyte, and other igneous rocks are 
compact or cellular. Hence it is inferred, that the first were 
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cooled under a vast pressure of tbe ocean and its subjacent beds ; 

and hence they are called plutonic rocks ; whereas the latter are 

denominated volcanic rocks. 

There is strong reason to believe that in some instances, as in 

Saxony, and in Sntherlandshire, and Arran in Scotland, granite has 

been protruded through the strata after it became solid. Solid 

basalt was protruded in a similar manner, according to Yon Buch, 

in the year 1820, in the island of Banda, in great quantities. 

The most important of the unstratified rocks will now be described in the 
order of our classification, as nearly chronologically (beginning with tho 
oldest), as the present state of knowledge will admit 

I. GRANinO ROCKS. 

The essential ingredients of granite are quartz, feldspar, and 

mica. Its prevailing colors are white and flesh-colored. In some 

cases the materials are very coarse, the crystalline fragments being 

a foot or more in diameter. In other cases, they are so fine as to 

be scarcely visible to the naked eye ; and between these extremes 

there exists an almost infinite variety. The fine-grained varieties 

are best for economical uses ; but the coarser varieties abound 

most in interesting simple minerals. 

VarieUes, Graphic granite or Pegmatite^ is composed of quartz and feld- 
spar, in which the former has an arrangement which makes ihe sor&oe of the 
rock exhibit the appearance of letters, as in Fig. 60. 
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"Wlien granite contains distinct crystals of feldspar, as in Fig. 61, it is 
called porphyritic granite. When the ingredients are blended into a finely 
granular mass, with imbedded crystals of quartz and mica^ it has been called 
Euriit, 






Tbbular or regularly Joinied granite is distinguished by the regularity of its 
Ibrms, which result fix)m two causes, joints and interstratification with slates. 
The granite is divided into large tables and prisms of various forms and sizes, 
as in fig. 62. A more remarkable variety of granite is the amcreUonary. 

Fig. 02. 




It is a fine-grained white granite, containing black mica, which often is ag- 
glomerated into spherical or elongated nodules, from half an inch to five 
inches in length. The larger ones have their longer axes parallel Fig. 63 
represents these nodules. Some of them so much resemble one of our com- 
mon nuts, as to have received the name of petrified bttUerniUs. The best 
locality of this variety is in Craftsbury, Vermont. 
There may be subdivisions of all these varieties into others, which have 
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not as yet received distinct names, according to the particular species of feldspar 
or mica present. Thus, granite may contain either ort-hodase, albite, labra- 
dorite, etc., as its feldspar, and either muscovite, biotite, or pblogopite, for 
its mica. 

Fig. 63. 




Syenite, — Syenite is composed essentially of feldspar, quartz, 
and hornblende, the first predominating. When mica is also 
present, the compound is frequently denominated Syenitic granite. 
Syenite may be found passing into granite on the one hand, and 
into the trap family, on the other. 

Conglomerate syenite is common syenite containing numerous rounded and 
angular pebbles of other rocks. This is an important variety to be examined 
in the study of the origin of these rocks. 

"When it was ascertained that the famous rock from Syene, in Upper Egypt, 
(so much employed in ancient monuments), from which the name of syenite 
was derived, was nothing but granite with black mica, and also that Mount 
Sinai in Arabia was composed of genuine syenite, a French geologist proposed 
to substitute Sinaite for syenite : but the suggestion, which was certainly a 
good one, has not been adopted. 

Most of the syenite so famous in New England for architectural purposes, 
as that from Quincy and Cape Ann, is composed of feldspar, quartz, and horn- 
blende, the latter frequently disappearing. 
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3. Protogine, 

Protogine, called also talcose granite, is a mixture of quartz, 
feldspar, and talc. In Europe it abounds among the Alps, and in 
Cornwall, in England. In this couutiy it occurs among the* Lau- 
rentian rocks of New York, and in the metamorphic granite of 
Devonian age in New England. 

n. TEAPPKAN BOCKS. 

4. Forphyrj^^ 

Rocks with a homogeneous, compact, or earthy base, through 
which are disseminated crystalline masses of some other mineral 
of contemporaneous origin with the base, are denominated por- 
phyry. True classical porphyry, such as was most commonly em- 
ployed by the ancients, has a base of compact feldspar, with im- 
bedded crystals of feldspar. 

Fig. 64 was copied from a pebble corresponding to the beautiftil greea 
poiphjry of the ancients, found on the beach in Scituate, MassachiLsetta. 

Fig. 64. 




When the base is greenstone, pitchstone, trachyte, or basalt, the porphyry 
13 said to be greenstone porphyry, pitchstone p<irphyry, trachytic porphyry, 
and basaltic porphyry. The base is sometimes clinkstone, and the Imbedded 
crystals may be feldspar, augite, olivine, etc. 

Hence the term porphyry designates only a certain form of 

rock, but does not refer to any particular kind. When porphyry 

is spoken of in general terms, however, feldspar porphyry is usually 

meant. 

Tlie name porphyiy signifies purple^ iropt^pa^ such having been the most 
nsnal color of the ancient porphyries: but this rock exhibits almost every 
Tariety of color. It is the hardest of all the rocks and when polished, is 
probably the most enduring. 

Comp<xct feldspar, or Iklstoit^ sometimes called petrosikXj is a hard com- 
pact stone of various colors ; fusible before the common blowpipe, and often 
tntDoUioent on the edges like homstone. Its pcedominant ingredient appears 

4* 
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to he feldspar, (eHinkstone OTpTumolite;) otGmiiepetroaileXt a greenish or grayish 
rock, divi^ng into slabs or columns, ringing under the hammer, and appar- 
ently a variety of compact feldspar, ffomstone is a compact mineral, often 
translucent like a horn ; of various colors ; in hardness and fracture i^proach- 
ing flmt; iniusible before the blow pipe; and hence composed diiefly of 
dlica. Comean is between homstone and compact feldspar, compact and 
homogeneous; supposed to consist of feldspar, quartz, and hornblende. All 
these substances form the basis of porphyry ; and hence we have clinkstone 
porphyry, homstone porphyry, eta When black augite forms the base of 
porphyry, it is called mdaphyre, 

5. Greenstone, 

Several unstratified rocks, whose principal ingredients »e feldspar 
and hornblende or augite, are called Trap jRockSy from the Swedish 
word trappa, a stair ; becaose they are often arranged in the form 
of stairs or steps. 

Although the term trap is loosely applied, most writers limit it to the var- 
ieties of rock called greenstone, syenitic greenstone, basalt, compact feldspar, 
(dinkstone, pitchstone, wacke, amygdaloid, augite rock, hypersthene rock, trap 
porphyry, pitchstone porphyry, and tufa. Macculloch includes claystone and 
syenite. 

Greenstone, or diorite, is ordinarily composed of hornblende and 
feldspar, orthoclase and albite, both compact and common, the 
former in the greatest quantity. 

Dr. Macculloch calls those varieties of greenstone which have a green color, 
augite rocks ; because augite is the predominant ingredient When hypers- 
thene takes the place of hornblende, he calls the compound hypersthene rock. 
When greenstone is composed almost entirely of hornblende, the rock is 
denominated hornblende rock. When the grains of feldspar and hornblende 
are quite coarse, it is called syenitic greenstone, which often takes quartz into 
its composition, and passes into granite. All the above rocks are fiiequently 
porphyritic ; and hence we have augitic, or pyroxenic porphyiy, dioritic por- 
phyry, etc. Euphotidef is a rock composed of compact feldspar and diallage. 

in. VOLCANIC BOCKS. 

6. Basalty or Dolerite. 
This rock appears to be composed of augite, feldspar, (labra- 
dorite), and titaniferous iron ; and sometimes olivine in distinct 
grains. Its color is black, bluish, or grayish ; and its texture com*- 
pact and uniform ; more so than greenstone. Augite is the pre^ 
dominant ingredient. 

It is probable that most of the trap rocks of our Atlantic States ar6 green- 
stones or diorites. Many of them have an impalpable texture like iMisalt ; 
and chemical analysis alone can decide then* composition in such cases. 
Probably the trap-rocks of the Bocky Mountains are basalt, and as recent aa 
the basalt of Europe. 

7. Amygdaloid. 

This term, like porphyry, is not confined to any one sort of 
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rock, but indicates a certain fonn, which extends through all the 
trap family. Amygdaloid abounds in rounded cavities, like the 
scoriae and pumice of modern lavas, and these are often filled 
with calcite, quartz, chalcedony, zeolites, and other minerals, which 
have taken the shape of the cavity ; so that the rock appears as if 
filled with almonds, and hence the name from the Latin, amygdala^ 
an almond. These cavities, however, have sometimes been length- 
ened by the flowing of the matter, while melted, so that cylinders 
are found several inches long. When they are not filled, Uie rock 
is said to be vesicular. 

Fig. 65 represents a fragment of lava, partly vewcular, and partly amy^- 
daloidal ; the white kernels being composed of carbonate of lime. 




Amygdaloid* 

A soft variety of trap rock, resembling indurated day, is called tooefte, wbidi 
may or may not be vesicular. From its resemblanoe to the toad, probably, it 
18 called in Derbyshire^ toadstone, 

8. Trachyte. 

Trachyte is of a whitish or grayish color, usually porphyritic 
by feldspar crystals, and essentially composed of glassy feldspar, 
with some hornblende, mica, titaniferous iron, and sometimes 
augite. Its name is derived from the Greek, rpaxv^^ rofigh, 
from its harshness to the touch. It was an abundant product of 
volcanic action during the tertiary period, and usually appears to 
be older than basalt, although trachytic lavas have continued to 
be ejected down to the present day. Trachyte occurs in Auveigne 
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and Hungary, and in vast quantities in South America. It con- 
stitutes the loftiest summits of the Cordilleras. 

Trachyte in an earthy condition, as it occurs in the Pays de Dome, in 
Auvergne, is called domiie. Trachyte is usually porphyritic, and hence we 
have trachytic porphyry. 

9. Zava. 

Lava, as remarked in another place, emhraces all the melted 

matter ejected from volcanos; and the two minerals, feldspar 

and augite, constitute almost the entire mass of these products. 

When the former predominates, light-colored lavas are the result, 

when the latter, the dark varieties. The former are called /eld- 

spathic or trachytic^ and the latter, augitic or basaltic lavas. 

Other simple minerals occur in lava. Thus, m the product of Vesuvius 
alone, not less than 100 species have been detected: but they form so incon- 
siderable a part of the whole mass^ as not to deserve consideration in a gen- 
eral view like the present 

Trachytic lava corresponds in most of its characters to the 
trachyte of the older igneous rocks. When cooled under pres- 
sure, solid rock results ; but when cooled in the air, it is porous, 
fibrous, and light enough to swim on water, as is the case with 
pumice, large masses of which are found sometimes in the midst 
of the ocean. Sometimes it is porphyritic, like the older tra- 
chytes. 

In like manner the basaltic or augitic lavas exceedingly resem- 
ble the more ancient basalt ; and are, in fact, the same thing, pro- 
duced under circumstances a little different. When cooled under 
pressure, compact basalt is the result ; but cooled in the open air, 
they are scoriaceous or vesicular, and are usually called scoria. . 

• Graystone lava is a lead gray or greenish rock, intermediate in oompositioii' 
between basaltic and trachytic lavas ; but the feldspar predominates, being- 
more than 75 per cent. 

Vitreotts lava has a fracture like glass. Obsidian seems to be merely melted 
glass. Fitchsione is less glassy, with an aspect more like pitch. It is usually 
composed of feldspar and augite, and often passes into basalt Its composi^ 
tion however varies. 

The small angular fragments and dust of pumice, (which is 
vesicular trachytic lava), and of scoriae, (which is vesicular basaltic^ 
lava), which are produced by an eruption, falling into the sea, or 
on dry land, and mixing with sand, gravel, shells, etc., and hard- 
ened by the infiltration of carbonate of hme or other cement, 
constitute the substance denominated tuff or tu/a. When thia 
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rock occurs "with trap, it is called trap tuff ; and when with 
modern lava, volcanic tuff. If it contains large and angular frag- 
ments, it IS called volcanic breccia. When the fragments are much 
rolled, the rock is a tufaceous conglomerate. The basaltic tuffs are 
denominated by the Italian geologists, jt>f/>ertno. A kind of mud 
is poured out of some volcanic craters, which forms what is called 
trass. 

Sometimes, especially at the great volcano of KilaueOf on the Sandwich 
Islands, when lava is thrown into the air, the wind spins it out into threads, 
resembling flax, and drives it agamst the sides of the crater. Tiiis is called 
volcanic glass; and by the natives of Sandwich Islands, Pete's hair; Pele 
having formerly been regarded as the presiding divinity of the volcano of 
Eolauea. 

Other substances ejected from volcanos are fragments of granite 
and other rocks, scarcely altered ; cinders and ashes of various 
degrees of fineness, which are sometimes converted into mud by 
the water that accompanies them ; also sulphur in a pure state ; 
various salts and acids ; and several gases, among which arc the 
hydrochloric, sulphurous, and sulphuric acids; alum, gypsum, 
sulphates of iron and magnesia, chlorides of sodium and potassium, 
of iron, copper, and cobalt; chlorine, nitrogen, sulphuretted 
hydrogen, etc. 

Prismatic or Columnar Structure. — One of the most remark- 
able characteristics of the trap rocks is their columnar structure. 
This consists in the occasional division of their substance into 
regular prisms, with sides varying in number from three to eight, 
usually five or six, whose length is sometimes several hundred 
feet. They are often jointed, that is, divided crosswise into blocks 
from one to several feet in length, whose extremities are more or 
less convex or concave, the one fitting into the other. Frequently 
these columns stand nearly perpendicular, and when worn away on 
th'e side they present naked walls, which appear like the work of art. 
They stand so closely compacted together, that though perfectly 
separable, there is no perceptible space between them. The 
diameter of the column varies from a few inches to more than five 
feet. 

The columnar and trappose forms of basalt and greenstone have produced 
some of the most remarkable scenery on the glol^. Fingal^s Gave, m the 
island of Stafla, (one of the Western Islands of Scotland,) and the Giant's 
Causeway, in the north of Ireland, are almost too well known to need de- 
flbriptioQ* StafEk is oomposed entirely of basalt, with a Hm soil, and its shores 
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are for the most part a steep diff, 70 feet high, formed of columns. The cavo 
is a chasm (in these columns), 42 feet wide, and 227 feet long, formed bjtho 
action of the waves. The following sketch. Fig. 66, will convey an idea of 
the situation of the cave and of the general structure of the island. 

The Giant's Causeway consists of an irregular group of pentagonal columns^ 
from one to five feet thick, and fh>m 20 to 200 feet high, jointed as usual. 
Where the sea has had access to them, their upper portions are worn away, 
while the lower part remains extending an imknown distance beneath the 
waves, and seeming the ruin of some ancient work of art^ too mighty for 
man, and there£>re referred to the giants. Here also is a cave of considera- 
ble extent 

Fig. 66. 




FingaVB Oave^ Stafa. 

ilg. 67 shows the appearance of a few columns^ having the ooncaye ex« 
tremify uppermost at the Giant's Causeway. 

Fig. 67. 
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fig, 68 represents an oyerhanging group of greenstone colnmns, at Mt 
Holyoke, in Massachusetts^ which is called Titan's Piazza. The lower end of 
the columns, several rows of which project over the observer's head, are ex- 
foliated in such a manner as to present a convex and even attenuated sui&oe 
downwards. 

Fig. 63. 




TUan'8 PianMt Mt, Holyoht, 
Pig. 69 shows a mass of trap columns on the north shore of Lake Saperior. 

Fig. 69. 




BoMliio Column9, Lake Superior ; K Shore, 



BB HAO^STISM or ttOCKS. 

When a trap vein, or dyke, is columnar, the columns often lie horizontal, or 
rather perpendicular to the sides of the vein ; and thus is produced a wall of 
stones regularly fitted to one another and laid up, apparently by man ; while 
often a decomposition of the smfaces of the blocks produces a powder re- 
sembling disinte^irated mortar. Such a v^all occurs in Rowan county, North ^ 
Carolina. Fig. 70 shows a similar example on Lake Superior. 

rig. 70. 




Trap Dylcet Lake Superior. 

Greenstone columns are quite common in North America, either standing 
upright or leaning a few degrees. The Palisadoes upon the Hudson river, a few 
columns upon Penobscot river, in Maine, and others at Titani's Pier^ near Mt. 
Holyoke, on Connecticut river, are well-known examples in the eastern part 
of the continent. But the most extensive development of them is in Oregon 
and Washington Territories, especially upon Columbia river. The banks are 
from 400 to 1 000 feet high, and are made up of columns of trap or basalt in 
successive rows, superimposed upon one another, and separated by a few feet 
of amygdaloid, conglomerate, and breccia. 

We suppose that the columnar structure of trap rooks has re- 
sulted from a sort of crystallization, while they were cooling under 
pressure from a melted state, for two reasons : Mrst, Precisely 
similar columns are found in recent lavas ; and secondly^ from ex- 
periment. Mr. Gregory Watt melted 700 pounds of basalt, and 
caused it to cool slowly, when globular masses were formed, which 
enlarged and pressed against one another until regular columns 
were the result. 

Magnetism of Rocks, — Many unstratificd and metamorphic 
rocks sensibly aflFect a magnet. When there is a large amount of 
magnetic iron present, the magnetic needle is affected at a con- 
siderable distance from the ledge. But there are many cases 
where the magnetizer is present in such small quantities, as to be 
unappreciated by the needle, except when placed in immediate 
proximity to the rock* 
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Baron Humboldt first pointed out the magnetism of rocks, in a 
hill of serpentine, which he supposed to have only two poles, that is, 
to constitute one magnet. In 1815, Dr. John MacCuUoch described 
a similar character in such rocks as granite, porphyry, syenite, 
serpentine, several kinds of slates, and especially of trap. He 
discovered that several magnets existed in the same mass of rocks. 

We have Jfound remarkable examples of the same kind, and 
some others still. more complex, upon the trap rocks of New 
England. Upon examining a continuous surface, at certain locali- 
ties, of only a few square feet, we frequently find several distinct 
magnetic poles, either north or south, and sometimes both, within 
a few feet or inches of each other. This fact is discovered by 
moving a pocket-compass over the surface. Wherever a pole 
exists, the opposite pole of the needle will point to it, as the com- 
pass is moved about. Fig. 71 represents a surface where these 
different poles were found. The nature of the pole is indicated 
by the words N. Pole and S. Pole. The size of the area shown 
in the figure is six by eight feet, the squares representing feet on 
Mt. Holyoke. ng. n. 




Another remarkable fact is shown upon the figure. Dotted 
lines are seen connecting some of these poles, along which the 
needle continues reversed, just as it does at their extremities, or 
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when it approaches an isolated pole; the north end of the needle 
pointing to the pole if it be a south one, and the south end doing 
the same if it be a north one. In other words, along these dotted 
lines there appears to be an infinite number of poles, which arc 
called Lines of Polarity. Thej are easily traced out by moving 
the compass over the sur&ce. 

Hand specimens of la;va fbom Mtf^ Etna and Yesavias, and of obsidian, 
from Mt Ararat, in our possession, show magnetism and polarity. Observers 
have noted the same upon the lava of Mt Ararat, 7,280 feet above the ocean. 
BischoflT, in his " Chemical and Physical Geology," has pointed out a large 
number of cases ; but nowhere, save in the cases that have iallen under our 
own observation, have we seen described the phenomena of opposite polos 
in close proximity, and of lines of poles. 

Theoretical Suggestions, — ^The existence of magnetic iron ore 
in so many rocks, and the &ct that it often possesses polarity, 
leads naturally to the conclusion that this must be the cause of 
the magnetism and polarity of rock, and probably it is so. Yet 
some of the phenomena seem not fully explained on this supposi- 
tion. Bischoflf says, that in basalt " the magnetic polarity bears 
no definite proportion to the density of the rock, and consequently 
to the greater or less amount of magnetic iron ore, or hornblende ; 
and further, that when the sar£Eice of the rock is decomposed, 
and the magnetic iron ore converted into hydrated peroxide of 
iron, the magnetic action of the rock is not weakened," although 
the peroxide is not magnetic. Nor does this explanation account 
for the production of opposite poles on the same surface, confusedly 
mixed together ; nor for lines of polarity, extending over many 
feet of surfece. But if the phenomena are not produced by mag- 
netic iron ore, we have no theory to offer. 

Relative Age of the Unstratified Bocks.— In the stratified fos- 
siliferous rocks the relative age of the different groups is deter- 
mined by their position ; that is, the oldest are at the bottom, and 
the newest at the top; unless we can prove disturbance and 
inversion subsequent to their original formation. It has been 
usual to regard the unstratified roQks as lying in a reverse order ; 
that is, the highest is the oldest, and they become newer as we go 
downward. This is undoubtedly true, if we suppose these rocks 
to be the result of melted matter, which has continued to cool 
deeper and deeper, so as to form a thicker crust, and some of 
which has been thrust up through the fissures in the stratified 
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rocks. The particular geological period when an nnstratified 
rock has been thus pushed upward, can be known bj finding how 
high it has reached among the strata. Hence, Sir Charles LycU 
has divided the nnstratified rocks into the Primary Plutonic^ a, a, 
Fig. 72, the Secondary Plutonic, 6, 6, the Tertiary Plutonic, c, r, 
and the Recent Plutonic, d, d, according to the period in which 
they have been erupted. But in fact we do not find that particu- 
lar igneous rocks were produced only during particular fossiliferous 
periods ; for most of them have been formed during nearly all 
these periods. The Granitic rocks, however, were most abundant 
during the older periods, but they have been found high in the 
tertiary, as in Catalonia ; but lava is still poured out so as to 
cover alluvium. The crystalline nnstratified rocks were most 
abundantly produced in the earlier periods ; while the trappean 
and volcanic varieties have been most abundant at later periods. 

Fig. 72, 




Stctian qfthe Belativt Age of the Unstrati/Ud Boats, 
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Fig. 36, as well as the above, is intended to show the relative 
age of the igneous rocks ; Granite, and Syenite are marked as the 
oldest ; next Porphyry and Trap ; next the Volcanic. But the 
supposition on which this order is made out, that all nnstratified 
rocks are melted matter ejected from the interior of the globe, is 
probably not true. No small part of them are probably meta-' 
morphosed stratified rocks, as wo shall endeavor to show in our 
Section on Metamorphism. As to the age of such, it ean be de- 
termined only when we can fix upon the period of the metamor- 
phism; as we often can with much probability. But joearo 
position will not determine the age. 

Origin of the different varieties of Unstratified Rochs. — li the 
unstratified rocks were all derived from the same melted mass in the 
earth's interior, we should suppose they would not differ fi-om one 
another at any period of their eruption. But, in fact, they do so 
differ as to show, first, that the ingredients from which they were 
derived were different; and secondly, that the circumstances 
under which they were formed, as to temperature, fusion, and 
pressure, were different. The following average analysis of 
orthoclase granite, greenstone, (feldspar and hornblende)^ and 
doleritic lava from Etna, will give an idea of the different chemi- 
cal composition of the granite and more recent igneous rocks. 





Granite. 


Greenstone. 


Lcwa. 


Snica, . . 


14.84 


64.86 


48.83 


Alumina, . 


12.80 


15.66 


16.16 


Potash, . 


7.48 


6.83 


0.77 


Soda, 






3.46 


Lime, 


0.3t 


1.29 


9.31 


Magnesia," . 


0.99 


9.39 


4.fi8 


Oxide of Iron, . 


1.93 


4.03 Prot lC3i 


Oxide of Manganese, 


0.12 


0.11 


0.C4 


Bydrofluoric Acid, 


0.21 


0.76 





It will be seen that silica was more abundant in the granite 
than in the later rocks, and that the lime, magnesia and iron, 
were in much greater quantity in the latter than the former. 
The consequence is, that the silicates of lime, magnesia and iron, 
exist largely in the trappean and volcanic rocks, but scarcely at 
all in the granitic. Now these silicates act as fluxes, and hence 
the later rocks are much more fusible than the granitic. Indeed, 
the later are almost infusible, and would require a much higher 
temperature, or rather a more complete solution, either simply 
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igneous or aqueo-igneous to fonn them, than the traps or the 
lavas. Hence the latter might be produced in such a state of a 
menstruum ' as would not produce granite, even though all the 
essential ingredients were present. And that state of the men- 
struum in which grauite would form, might prevent that play of 
affinities requisite to produce the trappean and volcanic products. 
In this way we might show, both how all the varieties of unstrati- 
fied rocks might be produced from the same fluid mass, and how 
one period might be more favorable to the formation of the 
granites, another to the traps, and another to the lavas. Still we 
incline to the opinion that in very many instances the varieties of 
unstratifled rocks have resulted from the metamorphism of differ- 
ent kinds of stratified rocks. 



TABLE OF THE COMPOSITION OP ROCKS. 
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Chemical Composition of the Eocka. — ^It is only quite recently (1860), tiiat 
'we have had many reliable analyses of the rocks, and even now tiie table 
which we present is not complete. £ut the subject has become one of great 
interest, especially in its bearings upon metamorphism, which is now a most 
important part of the science. The analyses in the following table have beea 
derived chiefly from BischofTs Chemical Geology, though some have been taken 
from American analysts. 

The column of specific gravities has been added chiefly to enable ai^ one 
to determine the weight of rocks, a problem which every one has often occa- 
sion to solva The specific gravity shows us how much heavier a given, 
quantity, say a cubic foot, of the rock is than the same quantity of distilled 
water. Now since a cubic foot of water weighs 1000 ounces avoirdupoiay 
multiply the number of cubic feet in the mass, whose weight you seek, and 
this product by the specific gravity, and you will obtam the weight in ounces, 
which divided by 16 will give it in pounds. Thus, suppose a mass of Green- 
stone measures 20 cubic feet, then 20 x 1000 x 2.85-4-16=3662.6 pounds. 

This table might perhaps more logically have been placed at the end of 
Section 11. ; but there is an advantage in knowing something about the (diar^ 
acters of the rocks before studying their chemical compositioD. 



SECTION IV. 



OPXBATION OF ATMOSPHBBIC AND AQUEOUS AGENCIES IN 
PBODUdNG GEOLOGICAL CHANGES. 

The basis of nearly all correct reasoning in geology, is the 
analogy between the phenomena of nature in all periods of the 
world's history : in other words, similar effects are supposed to be 
the result of similar causes at all times. 

This principle is founded on a belief in the constancy of nature ; 
or that natural operations are the result of only one general sys- 
tem, which is regulated by invariable laws. Every other branch 
of physical science, equally with geology, depends upon this prin- 
ciple ; and if.it be given up, all reasoning in respect to past 
natural phenomena is at an end. 

It does not follow from this principle that the causes of geological change 
have always operated with equal intensity, nor with entire uniformity. How 
great has been the irregularity of their action is a subject of debate among 
geologists. 

It is important to ascertain the true dynamics of eias^mg causes of geologi- 
cal change ; that is, the amount of change which they are now producing. 
For until this is done, we can not determine whether those causes are suffix 
dent to account for all the changes which the earth has undergone. 

The elements of these atmospheric and aqueous agencies arg 
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heat, cold, and water in its manifold states, liquid, vaporous, and 
solid. In their action they may be combined, or act separately. 
The atmospheric agencies are oxygen, nitrogen, carbonic acid, 
vapor, and winds. The aqueous agencies are frost, snow, ice, 
glaciers, icebergs, springs, rivers, lakes and oceans. We shall not 
attempt to designate the separate action of these agents, but 
merely point out their most important combined effects. 

All these agencies, where they act mechanically, remove mate- 
ricds from higher to lower levels. Mountains diminish in size, 
valleys receive accumulations, but only to assist the fragments in 
their progress towards the ocean. Thus the general tendency is 
to transport the continents into the ocean. 

Disintegration of Hocks, — ^Water acts upon rocks and soils 
both chemically and mechanically; chemically, it dissolves some of 
the substances which they contain, and thus renders the mass loose 
and porous ; mechanically, it gets between the particles and forces 
them asunder ; so that they are more easily worn away when a 
current passes over them. Congelation still more effectually sepa- 
rates the fragments and grains, and thus renders it easy for rains 
and gravity to remove them to a lower level. In a single year 
the influence of these causes may be feeble ; but as they are re- 
peated from year to year, they become, in fact, some of the most 
powerful agencies in operation to level the surface of continents. 

As rain in falling through the air absorbs carbonic* acid, it acts 
with greater energy in the decomposition of rocks, especially those 
which are calcareous. It also penetrates into their pores and 
crevices, and initiates the process of metamorphism, by changing 
the mineral structure of rocks. Easily decomposing crystals, as 
pyrites or calcite, may be entirely removed, and their cavities be 
filled with some other mineral, which will assume the exact form 
of the original crystal, and thus be a pseudomorpk. 

It is a fact established by the experiments of Professors W. B. 
and R. E. Rogers, that pure water will dissolve more or less every 
variety of rock except quartz, on which nothing will act but 
hydrofluoric acid, unless it be converted into silicates. Much more 
decided will be the action of water if it contain, as it commonly 
does, carbonic acid. Other energetic chemical agents are produced 
which, along with carbonic acid, are carried we know not how 
deep into the earth, not only disintegrating the surface, but effect- 
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ing important changes even in rocks that show no signs of alterar 
tion. This subject will be dwelt upon more in detail in our Sec- 
tion on Metamorphism. 

DetrituSj or Debfis of Ledges. — It is chiefly by the action of 
frost and gravity, that those extensive accumulations of angular 
fragments of rocks are made that often form a talus, or slope, at 
the foot of naked ledges, and even high up their faces. In some 
cases, though not generally, this detritus has reached the top of 
the ledge, and no further additions are made to the fragments, 
which usually slope at an angle not far from 40*. Examples of 
this detritus are usually most striking along the mural foces of 
ledges, especially where the upper layers are the hardest. 

Fig. 73. ^ Hg. *l^ represents a cHfif, at the base of whi<di 

B there is produced a talus of large angular blocks, 

^R, a. These are further acted upon at h, and c^ 

^f ^^~ until the rains or tides remove Uie finer portions 

^ r^^"^^^^^ in the iotm. of mud. 

.^f(t?ii?^^^^^^^^^^ These slopes of debris show that the 
c h a earth can not have existed in its present 

state an immense period of time ; because the process of disintegra- 
tion is not yet complete. Had these agencies been at work upon 
the earth in its present form from eternity, the earth would have 
become a vast plain, and the land have been all swallowed up and 
covered by the ocean. 

Dunes of Downs, — ^The sand which is driven upon the shore by 
the waves is often carried so far inland as to be beyond the reach 
of the returning wave ; and thus an accumulation takes place, 
which is the origin of most of those moving sand hills, known by 
the names of dunes or downs. When the sand becomes dry, the 
sea breezes drive it further and further inward, the land breezes 
not having equal power to force it back ; and at length it becomes 
a formidable enemy, by overwhelming the fertile fields, filling up 
rivers and burying villages. Sometimes these dunes occur in the 
interior of a country. 

Eveiy one is familiar with the history of these dunes in Egypt The west- 
erly winds have brought in the sands from the Lybian desert, and all the west 
side of the Nile, with the exception of a few sheltered spots, has been con- 
verted into an arid waste. In Upper Egypt especially, the remams of ancient 
temples, palaces, cities, and villages, are numerous among the drifting sands. 
In Europe, around the Bay of Biscay, a similar destructive process is going 
on. A great number of villages have been entu-ely destroyed ; and no less 
than ten are now inuniaently threatened by fand hUls, which advance at the 



. rate of 60 or even 92 feet annttaBj. On the coast of Cornwall, in England, 
similar effects have taken place. These dunes are common on the coast of 
the United States, especiallj on Cape Cod, in Massachusetts, \vhere strenu- 
ous efforts have been made to arrest their progress, and to prevent the des- 
truction of villages and harbors that are threatened. Upon the south shores 
of Lake Superior thej are also found. 

Aqueous agencies act mechanically and chemically. Mechani- 
cally, in the form of glaciers, avalanches, icebergs, frost, snow, ice, 
landslips, rivers, tides, waves, and oceanic currents, they are con- 
tinually abrading the ledges and re-arranging the materials, par- 
ticularly under water. Chemically, water dissolves portions of 
rocks, and deposits them again by evaporation or precipitation. 

OLACIERS« 

Glaciers are rivers of ice, descending from the regions of 
perpetual frost, to levels below the usual snow line. They are 
inclosed in valleys, or are suspended upon the flanks of moun- 
tains. They are properly i^reams filled with the overflow or woitt 
of the vast snow fields occupying the higher regions. These may 
be aptly compared to a sheet of ice descending from a tin-covered 
roof. In the Alps the glaciers terminate sometimes as high as 
7,000 or 8,000 feet above the ocean ; but some descend to 8,400 
feet, while the usual snow line does not descend below 8,600 feet 

Glaciers are found among the Himalayahs, the Caucasus, and Altai moun- 
tains, in Asia ; among the Alps, where they have been most studied, in Nor- 
way, Iceland, and Spitzbergen, in Europe ; in Patagonia m South America, 
and within both frigid zones. Thero are 400 glaciers among the Alps, cover- 
ing about 1,400 square miles of surface. They are divided into two groups— 
the glaciers of Mont Blanc, and of the Finster Aarhom districts. The most 
important glaciers have received distinct names, as Bossons, Aletsoh, and 
Yiesch, among the Alps, and the great Humboldt glacier in Greenland, de- 
scribed by Dr. Kane, and figured in our Fromiispitct. 

The elevated crests and plateaux above glaciers are more or less 
covered with snow. These vast fields of powdery and crystalline 
snow are termed men de glace, or seas of ice. In its descent this 
snow becomes more granular, and forms the neve (French), or Jim 
(German). Additions are made to the n6v6, or the upper part of 
the glacier, every year, so that the mass is stratified. 

liie n6ve gradually changes into the blue compact ice, which 
forms the true glacier. The latter is permeated by a delicate 
structure, similar to the cleavage of slaty rocks, or vertical ribbons 

5 
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. of bine ice parallel to the course of tbe glacier, alternating with 
bands of white ice, from ^ of an inch to several inches wide. 

The n^ve has a concaye even sur&ce, but the glacier proper is convex, and 
is generally riddled by fissures or crevasses, often hundreds of yards long; and 
hundreds of feet deep, crossing in every direction. These are produced by 
the unequal temperature of the mass. The glacier is cut up by the fissures 
into masses of various shapea Sometimes the mfisses are square or trape- 
zoidal ; or constitute needle shaped pyramids, called AiguiUes, Where the 
fissures are wanting, numerous little streamlets flow over the sur&ce in small 
channels. These may terminate in circular or elliptical holes, called putts, 
often of great depth. Sometimes the puits are only a few feet deep^ and are 
filled with water — like pot-holes near waterfiUls. When the water freezes m 
them, the ice is formed in beautiful concentric layers, which are called glaaer 
stars. The meridian hoks are semi-circolar hollows, invariably having tbe 
arc turned to the north, and the chord to the south ; thus serving as com* 
passes and sundials to travelers. They are produced by the heat of the sun's 
rays upon small accumulations of gravel The pebbles absorb more heat than 
the ice^ and hence sink into the ice where the sun's rays act the longest, and 
with the greatest intensity. 

Glaciers are of two kinds. The first class lie in valleys <^ 

greater or less depth, and have a declivity or slope from 3° to 10*. 

The second class are generally small, resting npon the declivities 

of mountains, with a slope varying from 15° to 50** and upwards. 

Of the first class there are three varieties : the cancH shaped^ of unifbria 
widt^ with scarcely any branches ; the oval shaped^ and the haain shaped^ both 
^ which are contained in deep valleys among mountains, so that the width 
of the outlet is a firaction of the diameter of tibe glacier itself They may be 
compared with expansions of rivers into lakes. 

Fig. 74 is a view of a canal shaped glacier in its upper part; as it prooedes 
fit>m the distant mer de glacCf and winds through the long valley. It Is one 
of the Alpine glaciers. 

The greater part of the Alpine glaciers are fh>m 18 to 21 miles long, be- 
tween a mOe-and-a-half and three miles wide, and from 100 to 600 feet thldc 
The thickness of the upper is always greater than that of the lower eai. 
Glaciers have been described among the Himalayahs several tliousand feet ik 
thickness. The great Humboldt glacier, in Greenland, is 300 feet tfaicl^ 46 
miles wide, as it flows into Peabody Bay, and 1200 miles Icmg; the laiigest 
glacier by fiff yet described. (See Frontispiece.®) 

In warm seasons the lower ends of glaciers are gradually meltiog; and 
inequalities are being produced over their surfaces. This superficial waste is 
called abUitian. When large ^t blocks of stone lie upon the ice, by aUation 
the phenomenon of glacier tables is produced. Tlie rock protecte the ice be* 
neaui itself from melting, but the ice of the glacier around it gradually dis- 
appears, until the block is poised upon a single pedestal, like a table. ProC 
Forbes describes one of these tables in tbe Alps, 23 feet by 17, and 3^ 
feet thick. Other objects of interest are the gravd cones. These are cones 
of ice, usually about a foot in height, covered with gravel They are 
formed by ablation. Like the tables of stone, a mass of gravel is elevated 
upon a pedestal, and the gradual waste of the ice beneath allows the outside 

• We are indebted to the liberality of Childs & Peterson for permission to copy this 
dxftwingfrom their splendid work, Arctic Btplorations, by Dr. Kane, Philadelphia. 1866. 
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pebbles to fall down and cover the cone. Prof. Agassiz describes some of 
these cones in the Alps 13 feet high, and 13 feet broad. 

As glaciers advance they break off masses of rocks from the 
sides and bottoms of the valleys, and crowd along whatever is 
movable, so as to form large accmnulations of detritus in front and 
along their sides. When the glacier melts away, these ridges 
remain, and are called moraines, Agassiz describes three kinds: 

1. The terminal moraine, or that at the extremity of the glacier ; 

2. Lateral moraines, or those ridges of detritus formed alon^ the 
flanks of the glacier ; 3. Medial moraines, or those longitudinal 
trains of blocks which sometimes accumulate upon the top of the 
glacier, especially where glaciers unite from two valleys, and crowd 
the detritus between them upon their tops. The moraines are 
sometimes 30 or 40 feet high. 

At the lower extremity of the glacier there is a vault from 
which issues, especially in the summer, a stream of water, which 
ramifies upward beneath the ice like rivers in general. This stream, 
continuing from generation to generation, wears out a chatmel in 
the rocks as it descends from the glacier. 

Fig. 15 shows the lower extremity of the glacier of ViSsch, with a distinct 
terminal moraine, which at the sides is connected with lateral morainea^ A 
stream of water is seen issuing from the glacier, which lias worn a channel in 
the rocks. On Tig. 74 are shown both lateral and medial moraines ; the latter 
considerably scattered. Fig. IS exhibits a fine example of a medial mortune. 

Although the inferior surface of the glacier is pure smooth ice, 
yet it is usually thickly set with fragments of rock, pebbles, and 
coarse sand, firmly frozen into it, which makes it a huge rasp ; 
and when it moves forward, these projecting masses, pressed down 
by the enormous weight of the glacier, wear down and scratch 
the solid rocks ; or when the materials in the ice are very fine, 
they smooth and even polish the surface beneath. The movaWe 
materials beneath the ice are crushed and rounded, and oft»n 
worn into sand or mud. The rocks in place, against which the 
glacier presses, are also smoothed and striated upon their sides. 
These striae, wherever found, are perfectly parallel to one another, 
because the materials producing them are fixed in the bottom of 
the ice. But as the glacier advances from year to year, new sets 
of scratches will be produced, which sometimes cross those pre- 
viously made, at a small angle. 
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F!g. 76 shows a specimen of sdiistoee serpentine smoothed and scratched 
'beneath a glacier in the Alps. 

Fig. T6. 




RoekB Miriaied by Glaeurt, 



Kg. tt is a similar specimen, exhibiting two sets of stri» enmng <»• 
another at a considerable angle. 



Kg-TT. 




Socks ttriated hy OlacierB. 

When the ledges beneath the glaciers are uneren, and exhibit 
many angular projections, the angles are worn off, and the sur&ces 
assame that peculiar rounded and undulating appearance denomi- 
nated by Saussure roches mouioneeSj or embossed rocks. They 
are shown poorly in Figs. 74 and 75. 

Currents of water sometimes conspire with the movements of the glacier, 
and form grooves or troughs of considerable depth and width on the top of 
precipitous rpcks, to which currents of water could have no access were not 
the space around them fiUe4 with ice. Such furrqws are GsJledf in SwitMr" 
land, lapiaz or lifpiz, 
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Motion of Glaciers, — Professor J. D. Forbes supposes Lc has 
proved that tho ice comports itself precisely like a stream of water 
in the following particulars : 1. The motion of the Mcr de Glace, 
daring summer and autumn, is as great as four feet in a day in 
some places, and only eight or nine inches in others. 2. Each 
portion of the glacier moves continuously, and not by fits and 
starts. 3. The glacier, like a stream, has its pools and its rapids. 
4. The motion of the ice is favored by an increase of temper- 
ature. 6. Yet the motion does not entirely cease in the winter. 
6. The centre of the glacier moves faster than the sides ; and the 
top faster than the bottom. 7. The maximum velocity is not al- 
ways in the middle of the glacier, but may be upon either side. 
R. The changes in the velocity of the ice take place gradually by 
the yielding of the entire mass, not by the justling of fragments, 
or the formation of rents. 

Th« Ifer de Glace moved 16,500 feet in 44 years, or upon an average, 375 
feet ammaXiy. Sometimes glaciers advance lower and lower for several years, 
in consequence of low tempen^ture ; or they may retreat during a succession 
of tutnsually warm seasons. As they advance and retreat they produce and 
leave successive moraines, especially termmal ones. 

In the view of Prof. Forbes, a glacier is an imperfect fluid, or a 
VISCOUS body, which is urged down slopes, like a river^ by the 
mutual pressure of its parts. The ice is not inflexible, but more 
or less plastic, in consequence of having its minuti pores and 
Pastures permeated with water. As much of the water freezes in 
cold seasons, the motion of the glacier is retaixied in winter and 
aoeeierated in summer. The decrease of the glacier in summer 
by ablation, and by the attenuation and collapse of Uie parts which 
move laost rapidly, is repaired during the winter, when, the higher 
regions of the glacier moving relatively &ster than the lower, tho 
yielding mass of ice is pressed upwards. 

Recent experiments show that ice has a property of plasticity called rege- 
latwfL With or without pressure, fragments of ice will coliere at 32^^, and 
l^y pressure they may bo molded into any form. Hence the glacdal valley is 
a mold, in which the ice is pressed by its own gravity. Also, when separate 
glacier branches unite themselves into a single trunk, regelation cemeots all 
tbe parts into one whole ; and thus the combination of two glaciers is like the 
confluence of two rivers. The ribboned structure of the ice is thought by 
' some to have been produced by pressure, like the slaty cleavage of rocks. 

The theory of Agassiz imputed the onward movement of 
g^eiers to the expansion pf the water by freezing, which . during 
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the day in mild weather is constantly infiltrated into the cracks 
and pores of the ice. This view is ably defended by its learned 
author in his fascinating and splendid work, Etudes sur les Gla- 
ciers, 

In that work he gives a curiotis example of the progress of ia glacier. A 
certain explorer fastened a pole to a large block in the moraine of a glacier, 
high up towards its source, and mentioned the feet in his book. Some ten 
years afterwards another explorer started to find the block, and was agreeably 
surprised to meet it some eight or ten miles nearer the lower end of the 
glacier. This block with many others is shown on Fig. 78^ which exhibits 
also several glacier tables. 

Fig. 78. 




We introduce Fig. 79 to give an idea of the stupendous diain of moun- 
taitis in the Alps, called Mont Blanc, as seen from the summit of the Breven, 
which is 8,500 feet high; a, is Chamouny in the valley; 6, Mont Blanc; 
c, Mer do Glace; d, Boissons Glacier; c, Augille verte; / Dome du Goute; 
g^ Montanvert. Any one who has been there will recognize these spots with 
great distmctness. 

Avalanches^ Icebergs^ etc, — ^When the slope down which a gla- 
cier descends is very steep, or it is crowded to the edge of a pre- 
cipice, huge masses sometimes are broken off by gravity, and 
tumbling down the mountain produce great havoc. In the AlpA 
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these are called avalanches ; and so large are they sometimes, that 
from one to five villages, with thousands of inhabitants, have been 
destroyed in a moment. 

Landslips are a somewhat similar occurrence, happening in countries where 
perpetual frost does not exist. They frequently occur in the spring, when 
the frost leaves the soil, and the great weight of snow and ice drags along 
.with it tree% soi], and rdcks, down the mountain's side* Scnnetimes these 

6* 
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slides take place in the summer, after powerful rains ; as that in the White 
Mountsdns in 1826, bj which a family were destroyed. Marks of ancient 
slides are visible on the sides of the Hopper on Saddle Mountain in Massachu- 
setts, and upon the west side of Mansfield Mountain, in Vermont Arctic 
Tojagers say that similar phenomena are common in the Polar regions. 

When a glacier discbarges itself into the ocean, great masses 

of ice, perhaps loaded with detritus, quietly separate from it, and 

are floated oflf by currents. Or if the glacier is crowded off a 

steep shore, the masses will be precipitated into the water. Two 

systems of fissures, dividing the ice into square blocks, facilitate 

the separation. These blocks are icebergs. 

The representation of the Humboldt Glacier {Frontispiece), shows the origin 
of many of the icebergs in the Northern Atlantia These bergs separate fi^m 
this glacier in lines parallel to the shore. A representation of a single berg, 
with the ship of Captain Parry m fix)nt of it, is given in Fig. 80. 

Big. 801 




Fig. 81 exhibits a remarkable berg, figured by Captain McCIintock, stand- 
ing on a narrow pedestal, which, however, seems to be connected with a 
broad mass of ice mostly beneath the surface of the sea. It must be large 
compared with the berg to prevent the latter from toppling over. 

These bergs from the north frequently float as far south as 40" 
north latitude before they are all melted, and they have been 
the occasion of many shipwrecks between the United States and 
Europe. 

When the ice in high latitudes breaks up in the summer, vast snr&ces of it, 
called Fidd Ice, are borne hither and thither by the winds and currents, often 




impriaoningr vessels, nipping them severely, and sometimes raising them en- 
tir^y out of the water. 

A purtii.f]i uf aii "iLu- field is a floe. The iee-heU is a continued margin of ice 
adhering to th<3 roast above the ordinary level of the sea, in high latitudea 
Tli<3 icf^-fooi is a limited ice-belt. Land-ice is field-ice adhering to tli© coast, 
or mc!ludcd botwcon headlands. An ice-raft is a mass of ice transporting 
foreign matter. Icebergs ar6 frozen from fresh, and floes from salt water. 

Icebergs and floes may be of great size and wide surface. Ice- 
bergs rise soTiiotimes from 250 to 300 feet above the water, and as 
ever J cubic foot ?ibove the surface implies eight cubic feet below 
it, they rau^t dcsrend over 2,000 feet. The floes are often one, 
twoj fivc^ and tvon thirteen miles long ; and one northern voyager 
relates that a party traveled northerly upon one of them for days, 
supposing it cither fixed to the shore or covering the land, and 
knew not their mistake, till an observation for latitude showed 
them that the ice was moving southerly as fast as they moved 
northerly. 

The bergs are sometimes loaded with detritus of boulders, sand and gravel 
Capt Scoresby conjectures that some which he saw contained fit>m 50,000 to 
100,000 tons of such materials. On a large berg, observed in 1839, in S. kit. 
61% a boulder was observed frozen in, six feet by twelve in diameter, which 
had been carried 1,400 miles, that being the distance to the nearest land. 

Dr. Kano has given several fine drawings to illustrate this subject ; one of 
which we have copied in Fig. 82. This raft is loaded with masses of slate. Dr. 
JCane says, " £ have found masses that have been detached in this way 
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floating may miles oat to sea — ^long symmetrical tables, 200 feet long, by 80 
broad, covered with large angular blocks and bowlders, and seemingly im- 
pregnated throughout with detrited matter. These rafts in Marshall Bay were 
so numerous, that, could they have melted as I saw them, the bottom of the 
sea would have presented a more curious study for the geologist than the 
bowlder-covered lines of our middle latitudes." He speaks of an ice-belt 
(which in summer is detached and floats oflF,) as " covered with its millions of 
tons of rubbish, greenstones, limestones, chlorite slates, rounded and angular^ 
massive, and ground to powder.^ 

Fig. 82. 




Icebergs are often stranded, even in deep water. The collect upon the 
loose materials at the bottom, and even on the projecting rocks of such a 
mass, with stones frozen into its bottom, and moving at the rate of several 
miles an hour, when it strikes the surface, must be very great, and such as wo 
shall find has been the result of some agency in high latitudes when we come 
to describe the phenomena of drift. 

Ice islands sometimes get stranded upon the top of some rock that rises in 
the ocean, and then frozen to it, so that when by winds and waves the icy cap 
is loosened, it tears off more or less of the rock beneath, and bearing it. away 
in the direction of the current, drops the attached fragments upon the bottom. 

If this operation be often repeated, it might produce a train of boulders on 
the bottom of the sea. 

When the sea is rough, an icebei^ may be lifted up by the waves, and as 
they retire be allowed to fall ; so that, if the water be shallow, it will come 
down like a mighty maul, and with a force which even solid rock could 
scarcely resist 

BIYBBS. 

Rivers produce geological changes in four modes : 1. By ex- 
cavating some parts of their beds. 2. By filling up other parts. 
3. By forming deposits along their banks. 4. By forming deposits, 
palled deltas f at their mouths. 

Most of the lai^ger rivers, especially where they flow through a level coun- 
try, are filling up their channels ; but where smaller streams pass through a 
mountainous region, the process of excavation is still going on ; and it is ac- 
complished in a good measure by means of ice freshets. 

Valleys of Denudation, — In many instances it can be shown 

that the present beds of rivers were only in a small part produced 



VALLEYS or DBNTTDATION. 



100 



by their own erosions, and that previous agencies in great part 
prepared the valleys through which they run. 

The general features of continents, and the larger valleys, are 
due to the position of the underlying strata. If these have the 
shape of a trough or hasin, the depression is a natural valley ; and 
as it is produced by the sinking of the strata, it is called a valley 
of subsidence^ as in Fig. 83. Such ^ alleys may be enlarged by 
erosion. 

But often these depressions are actujilly excavated from strata 
inclined at various angles. These are valleys of denudation. There 
are two general varieties of them. First^ when the crest of an 
anticlinal ridge has been worn away, constituting a valley of eleva- 
HoUj as in Fig. 84. Secondly, when a valley has been excavated 
out of vertical or inclined strata, as in Fig. 85. These are valleys 
of erosion. Kavines, gorges, and caSons (pronounced canyons), 
are narrow valleys chiefly along the present beds of rivers, exca- 
vated by the streams alone without foreign assistance. In many 
instances one is surprised at the magnitude of the excavations. 

Fig. 88. 




Out of a multitude of examples we select only a few to illustrate the first 
mode in which rivers produce geological cbanges. 

1. The gulf, seven miles long and 150 feet deep, between Niagara Falls 
and Lake Ontario, has long excited tlie attention of geologists, and some of 
tliem have imagined other agencies beside the river to make the erosion. But 
we see a work now going on there from year to year, which needed only timo 
enough to have excavated the whole gorge, and time is an element for which 
a multitude of geological &cts make an almost unlunited demand. At 
Niagara Falls 670,000 tons of water are precipitated into the gulf every 
minute. The upper shelf of rock is quite hard, but the layers of strata be- 
neath are worn out by the dripping water, and then the weight causes tho 
hard crust to break off from time to time in large masses. The rate of retro- 
cession has been loosely estimated to average from one foot to one yard per 
year. But this rate, if correct, would not be what it was when the fall 
was nearer Lake Ontario, nor what it will be as it approaches Lake Erie, be- 
cause in both cases the rocks are different 

^ 2. On Grenesee river, in New York, we find very striking evidence of ero- 
sion. Between its mouth and Rochester, seven miles, are throe cataracts, 
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some miles apart ; and aome of those falls have receded further than others^ 
because there are three kinds of rock crossed, which are worn away with 
diflferent degrees of rapidity. South of Rochester we find a gorge worn 14 
miles long, firom Mount Morris to Portage, sometimes 350 feet deep, vnth 
three distinct Mis, originating in the same cause as that above mentiimed^ 
and which proves beyond question that the river has done the work. 

3. On the Potomac, ten miles west of Washington, the Great Falls have 
worn out a gorge from 60 to 70 feet deep, and four miles long, in hard mica ; 
schist 

4. Canons, — ^In our southwestern States, Kew Mexico, Arkansas, ete^ 
where for days the traveler finds no trees, the rivers have cut long and deep 
gulfs into the horizontal strata. Their existence is not suspected till a per- 
son finds himself arrested on the brink of a precipice, often hundreds of feet 
high, at the foot of which, and bounded by an opposite wall, the stream rans. 
These gulfs are called Canons, and often they are so long that for days the 
traveler can find no place to cross, nor to water his animals, Hiey extend 
also up the tributaries ; a conclusive proof that the streams themselves, and 
not convulsions have produced them. The Grand Cafion on the Canadian 
river is 250 feet deep, and 50 miles long. The Gallon of Chelly, in New 
Mexico, has* walls from 100 to 800 feet high, and 25 miles long. Gaptam 
Marcy describes a Canon on Red River, in Texas, 70 miles long, and from 
600 to 800 feet deep. The annexed sketch of a Caiion, on Fstu^see-que Creek, 
in Oregon, will give a good idea of this class of phenomena. (Fig. 86.) 

Lieut. Ives statements in his Report of 1858, respecting the gorges upon t^ie 
Colorado river, in California, are almost incredible, and are certainly witboqt 
a paralleL At the head of navigation, the deep and narrow current of the 
river flows between massive walls of rock which rise slieer from the water 
for over a thousand feet, seeming almost to meet in the dizzy height abova 
The sun rarely penetrates the depths of this '^ Black Canon," 25 miles in 
length. Above this there is a vast table land, 8000 feet above the ocean, and 
hundreds of miles in breadth, extending eastward to the mountains of ih« 
Sierra Madro, and stretcMng £ir north into Utah. The Colorado and its trflsu- 
taries, flowing to the south-west, have cut their way through this immense 
plateau, making caSons which are in some places more than a mile in. dejpiiu 
The streams form a labyrinth of yawning abysses, generally inaccessible. 

So numerous and so closely interlaced are the cations, that often they leave 
only scattered remnants of the original plateau — ^narrow walls, isolated ridg^ 
and slender, seemingly tottering spires, shooting up to an enormous b^;ht 
from the vaults below. 

5. Upon the eastern continent we would refer to the Wadys of Syria and 
Palestine; to the Via Mala, on the upper part of the Rhine^ 1600 feet deef)^ 
4 miles long, and only 20 feet wide ; to the Defile of Karzan, on the ltenub% 
200 yards wide, and 2000 feet deep ; a gorge on the Sutl^ river, amo^g ^e 
Himalayahs, 1500 feet deep, and a mile long; to a gorge in AustmfiiMPa 
C^x river, 800 feet hig^, and 2200 yards wide; and to a multitude orif oUmt 
examples. 

Rivers accumulate materials in parts of their chamiek, or along^ 
their banks. Terraced valleys and levees are the results of tills 
agency. The terraces are objects of great importance in our rea- 
sonings ; the levees are akin to, and connected with deltas. Tbe 
large rivers do not cany all their detritus to the delta, but deposit 
some of it along their sides. In times of freshets these deppaita 
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are made upon the banks, above the ordinary level of the water. 
Thus great embankments will be formed upon each side. These 
levees are augmented by the agency of man, for the protection of 
his property from overflow. The river Po, in Italy, is restrained 
within proper bounds by levees higher than the roofs of the houses 
of the cities protected by them. The Mississippi is confined by 
levees for a considerable distance above and below New Orleans. 
A serious breach or crevasse in the dykes would inundate the city 
and vicinity. 

Deltas of Rivers, — The delta of the Mississippi, the father of 
waters, has formed most of the lower part of Louisiana, and has 
advanced several leagues since New Orleans was built. All large 
rivers enter the ocean by several mouths like this. The delta of 
the Ganges commences 220 miles from the sea, and has a base 200 
miles long, and the waters of the ocean at its mouth are muddy 60 
miles from the shore. Since the year 1243 the delta of the Nile 
has advanced a mile at Damietta ; and the same at Foah since the 
15th century. In 2,000 years the gain of the land at the mouth 
of the Po has been 18 miles, for 100 miles along the coast. The 
delta of the Niger extends into the interior 170 miles, and along 
the coast 300 miles, so as to form an area of 25,000 square miles. 

The Delta of the Ganges with its numerous mouths is represented In 
Fig. 87. 

Fig. 8T. 
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An immense alluvial deposit is forming at the mouth of the Amazon and 
Orinoco rivers, most of which is swept northeriy by the Gulf Stream. The 
"waters of the Amazon are not entirely mixed with those of the ocean at the 
distance of 300 miles from the coast. The quantity of sediment annuaUy 
brought down by the Ganges amounts to 6,368,077,440 tons, or sixty times 
more than the weight of the great pyramid in Egypt The Mississippi annu- 
ally discharges 14,883,360,000,000 cubit feet, or 101.1 cubic miles of water, 
into the Gulf of Mexico; and deposits at the same time 28,188,000,000 cubic 
feet, or two billion tons, of solid matter. It is estimated that the whole 
delta contains 2,700 cubic miles of solid matter, and that 14,000 years would 
be required for its formation, at its present rate of growth. In Massachu- 
setts, the matter carried down by the Merrimac has been estimated to be 
840,000 tons per annum. 

The extensive deposits thus forming daily by rivers need only consolidation 
to become rocks of the same character as the shales, sandstones, and con- 
glomerates of tlie secondary series. 

The delta of the Rhone, on the shores of the Mediterranean, is said to be 
mostly solid calcareous and even crystalline rock. 

Bursting of Lakes. — A few examples have occurred in which a lake, or a large 
body of water long confined, has broken through its barrier and inundated 
the adjacent country. An interesting example of this kind occurred in 1810, 
in the town of Glover, in Vermont, in which two lakes, one of them a mile 
and a half long and three-fourths of a mile wide, and in some places 160 feet 
deep; and the other, three-fourths of a mile long, and a half a mile wide, 
were let out by human labor, and beine drained in a few minutes, the watc rs 
urged their way down the channel of Barton river, at least 20 miles to Lake 
Memphremagog, mostly through a forest, cutting a ravine from 20 to 40 rods 
wide, and from 50 to 60 feet deep ; inundatuig the low lands, and depositing 
thereon vast quantities of timber. 

In 1818, the waters of the Dranse, m Switzerland, having been long ob- 
structed by ice, burst their barrier and produced still greater desolation, be- 
cause the country was more thickly settled than the borders of the lake alDOve 
named. The enterprise of an engineer averted part of the desolation by tun- 
neling the barrier ; but not sufficient to prevent the destruction of 400 houses 
and many {Measure grounds. 

It has been supposed, that should the falls of Niagara ever recede to Lake 
Erie, a terrible inundation of the region eastward would be the result ; but 
De la Bech© has proved satisfactorily that the only efiect would be a gradual 
draining of Lake Erie, with only a slight increase of Niagara river. 

Pond and Lake Ramparts. — ^These have not yet been described 
in any works on geology. Around the borders of some not very 
deep lakes and ponds in high latitudes, ridges or embankments 
of bowlders have been formed, the outer being the steepest side. 
So perfect are the walls thus produced, that many have supposed 
them to have been the work of aborigines. In Wright county, 
Iowa, there is a rampart ten feet high, composed of boulders from 
fifty pounds to three tons in weight, surrounding a lake 1,900 
acres in extent, and from two to twenty-five feet deep. But there 
are no scattered bowlders in the water or in the vicinity of the 
lake upon the shore. Several lakes and ponds in Vermont^ also. 
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have these ramparts about parts of their shores ; as at the north 
part of Willoughby Lake, at Avei-ill and Franklin ponds. 

As this phenomenon has no connection with glaciers or drift, 
"wc venture to propose a theory for it here. We think that the 
bowlders composing the ramparts have been brought from the 
bottoms of the lakes, and pushed upon the shore by the outward 
expansion of the water in freezing. Instances are on record where 
large stones of tons weight have been moved several feet in a 
single season. And if a few inches progress only be made in a 
single winter, a hundred winters might witness the removal of all 
the Uocks in shallow water to ihe shore, and the crowding of them 
into a ridge having the form of a rampart. A similar phenomenon 
on the shores of Lake Onega, in Rusaa, is described hj Sir 
Roderick Murchison, and explained in an analogous manner. 

AGENCY OF THB OCEAN. 

The ocean produces geological changes in three modes : 1. By 
its waves ; 2. By its tides ; 3. By its currents. Their effect is 
twofold : 1. To wear away the land ; 2. To accumulate detritus 
80 as to form new land. 

The action of waves or breakers upon abrupt coasts, composed 
of rather soft materials, is very powerful in wearing them down, 
and preparing the detritus to be carried into the ocean by tides 
and currents. During storms, masses of rocks, weighing from ten 
to thirty tons, are torn from the ledges, and driven several rods 
inland, even up a surface sloping with a considerable dip towards 
the ocean. 

In the 13th century, a strait half as wide as the channel between EngLaod 
and France, was excavated in 100 years in the north part of Holland; bat 
its width afterwards did not increase. The English channel also is 8up> 
posed to have been formed in a similar manner. In England, several 
villages have entirely disappeared by the encroachments of the sea. At Cape 
May, on the north side of Delaware Bay, the sea has advanced upon the 
land at the rate of about 9 feet in a year; and at SulUvan^s Island, near 
Charleston, South Carolina, it advanced a quarter of a mile in three years. 
But perhaps the coast of Nova Scotia and New England exhibits the mostr 
striking examples of the powerfbl wasting agency of the waves, whose force 
there is often tremendous, especially during violent northeast storms. Wher^ 
the coast is rocky, insulated masses of rocks, called Drongs, are left on the 
sliore, giving a wild and picturesque effect to the scenery, as in the following 
sketch, Fig. 88, which was taken upon JeweU*s Island, in Casoo ^y, Ksinfy 
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Fig. 88. 
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J>rong8 on Jetotirt Islandf Oa»c4> Bay, 

Vlg. 89 shows Drongs, or Needles^ on the coast of England. Fig. 90 ez- 
Mbits the &mous Cheesewring, near the Lizard, in Cornwall, Eog^nd. Re* 
markable as such columns are, we might fill pages with sketches of similar 
ones, and many of them in our own country. 

Fig. 89. 




i\fr^a(t>ne».-— When the rocks exposed to the wares are divided by fissnres, 
nmning perpendioular to the coast, the mass between two fissures is some- 
times removed by the water, thus leaving a chasm, often of great size, into 
which the waves rush during a storm with great noise and violence. Such 
Bs^nires have been called purgatories^ in New England, when they are quite 
narrow. They are only examples, on a small scale, of the Fiords of Norway, 
Greenland, and the northeastern coasts of North America^ Well known ex- 
amples of these Purgatories occur in the vicinity of Newport, Rhode Island. 
Similar fissures exist in the interior, as in Sutton and Great Barrington, 
Massachusetts. 

Beaches of Shingle and Sand. — ^The shingle, or perfectly water-worn peb- 
bles of a coast, and sand, are sometimes driven upon the shore by the waves, 
so as to form beaches ; and sometimes even large bowlders are thus urged 
inland by powerful storms, so as to lie in a row on the shore. In some cases 
af this sort, after the beaches have been formed, the waves rather protect 
^6 coast tbaQ encroach upon it 
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Fig. 96. 




WAVES AND TIDES. 

The eflfects of waves upon shores is very great. Those of the 
ordinary size will form wave ridges, or ripple marks^ at the depth 
of 70 feet, upon a sandy bottom ; and in violent gales the bottom 
may be disturbed at the depth of 400 feet. 

A bowlder containing more than 200 cubic feet was hurried up an acclivity 
to the distance of 150 feet, upon one of the British islands. Near Edin- 
burgh it was ascertained, by careful experiment, that the average force ex- 
erted by waves in summer was 611 pounds every square foot; and in the 
winter 2,086 pounds for every square foot At the Bell Rock Lighthouse, in 
the German Ocean, during a violent storm, the pressure exerted was nearly 
three tons to everv square foot. When we reflect that the weight of bodies 
in water is but little more than half their weight m air, we shall see that 
great effects may be caused even by ordinary waves. 

In large inland bodies of water, such as the Mediterranean, Black and 
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Caspian Seas, and Lake Superior, tides are scarcelj perceptible ; nerer ex- 
ceeding a few inches; and in the open ocean they are very small; not ex- 
ceeding two or three feet ; but in narrow bays, estuaries, and friths, lavorably 
Bituated for accumulating the waters, the tides rise from 10 to 40 feet ; and 
in one instance even 60 or 70 feet on the European coasts; and in the Bay 
of Fundy, in Nova Scotia, TO feet In such cases, especially where wind and 
tide conspire, the effect is considerable upon limited portions of coast, both 
in wearing away and filling up. 

When tides enter rivers, the water is forced to rise suddenly, in consequence 
of the contraction of the channel. This produces a wave as high as the tide, 
culled " the Bore," which rushes up the channel with great rapidity, and acts 
powerfully as a denuding agent. Upon Calcutta river, it is called the " Eagre^" 
and its approach is mudi dreaded by ship owners. 

Earthquake WdveSj or Waves of Translation, are powerftd agents of erosion. 
They constitute one of the phenomena of earthquakes. Their effects are 
unusually disastrous, because the water itself is moved along bodily. They 
have been known to attam the height of sixty feet, and to move at the rate 
of twenty miles in a minute. One of these huge waves rose and fell eighteen 
times upon the coast of Africa in 1755. 
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Oceanic currents are produced chiefly by winds. Modem re- 
searches have revealed the existence of a great number of these 
ocean rivers. The most extensive of them is the Gulf Stream. 
An equatorial current from the Southern Atlantic empties into 
the Caribbean sea, receiving the waters of the Amazon and 
Orinoco on its way, and is thus a feeder of the Gulf Stream. 
It properly commences in the Gulf of Mexico, whence it issues by 
the Strait of Florida, and one part of it stretches northeasterly, 
passiiig along the coast of the Atlantic States, and extending be- 
yond Norway and Spitzbergen ; it is common to find tropical 
fruits and pieces of wood transported by this current from the 
West Indies to the Hebrides. The other branch passes from 
Florida across the Atlantic towards Madeira, uniting with a cur- 
rent down the west coast of Africa. This is a warm current, but 
is divided into alternate warm and cold portions. Its velocity is 
variable ; but may be stated as from one to three and even four 
miles per hour; its mean rate being 1.5 mile. Its velocity de- 
ereases towards the northeastern extremity. Return currents 
originate about the North Pole, or come through Behring's Straits, 
and pass south, partly through Baffin's Bay, and' partly east of 
Greenland, uniting on the Labrador coast and passing along the 
€oast of British America and the United States to Florida. The 
latter is a cold cui'rent. In the Indian and Pacific Oceans there 
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are great currents, particularly a cold current setting out from 

Cape Horn, which cx)ntinue8 along the coast to Central America, 

then crosses the Pacific towards Borneo, and loses itself fiouth-* 

westerly in the Antarctic r^ons. 

A constant current sets into the Mediterranean through the Straits of Gib- 
raltar, at less than half a mile per hour. It has been conjectured, but doI 
proved, that an under current sets outwards through the same strait, at the 
bottom of the ocean. Lyell also suggests that the constant evaporation going 
on in that sea may so concentrate the waters holding chloride of sodium ia 
solution, that a deposit may now be forming at the bottom. But the deepest 
soundings yet made there, ^5,880 feet), brought up only mud, sand, and sheila 
Numerous other currents of less extent exist in the ocean, which it is unne* 
cessary to describe. They form, in fact, vast rivers in the ocean, whoso 
Tdocity is usually greater than that of the larger streams upon the lands. 

The ordinary velocity of the great oceanic currents is from one 
to three miles per hour ; but when they are driven through naiv 
row straits, especially with converging shores, and the tides cour 
spire with the current, the velocity becomes much greater, rising 
to eight, ten, and even in one instance, to fourteen miles per hour. 
The depth to which currents extend has not been accurately de- 
termined. Experiments indicate that they may sometimes reach 
to the depth of more than 500 feet. It ought to be remembered, 
however, that the friction of water against the bottom greatly 
retards the lower portion of the current ; so that the actual denude 
ing and transporting power in these currents is far less than 
the velocity at the surface would indicate. 

Alike uncertain are the data yet obtained for determining what velocities 
of water at the bottom are requisite for removing mud, sand, gravel, and 
bowldera It has been stated, however, (and these are ihe best results yet 
obtained,) that 6 inches per second will raise fine sand on a horizontal sur- 
face; 8 inches, sand as coarse as linseed; 12 inches, fine gravel; 24 inches 
per second, will roll along rounded gravel an inch in diameter; and 36 inches 
-will move angular fragments of the size of an egg. The velocity necessary 
for the removal of large bowlders has not been measured. A velocity of 6 
feet per second would be 4 miles per hour; of 8 feet per second, 6.4 miles per 
hour; of 12 feet per second, 8.2 miles per hour; of 24 inches per second, 
16.4 miles per hour; of 36 feet per second, 246 miles per hour. Fine mud - 
will remain suspended in water that has a very slight velocity, and often will 
not sink more than a foot in an hour ; so that before it reached the depth of 
500 feet it might be transported, by a current of 3 miles per hour, to the dis- 
tance of 1,500 miles. 

It hence appears that most rivers, in some part of their course, 
especially when swollen by rains, possess velocity of current suffi- 
cient to remove sand and pebbles ; as do also some tidal currents 
around particular coasts ; but large rivers, and most oceanic cur- 
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rextts, can remove only the finest ingredients ; and as to large 
bowlders, it would seem that only the most violent waves and 
monntain streams can tear them up, and roll them along. 

Oceanic currents have the power greatly to modify the situation 
of the materials brought to the sea by rivers and tides, and to 
spread them over surfaces of great extent. 

Thus the waters of the Amazon, still retaining fine sediment, are found on 
the surface of the ocean 300 miles from the coast, where they are met by 
the equatorial current, which runs there at the rate of four miles per hour. 
Thus are these waters carried northerly along the coast of Guiana, where au 
extensive deposit of mud has been formed, which extends an unknown dis- 
tance into the ocean. In like manner the muddy waters of the Orinoco and 
other rivers are swept northerly. Scoresby counted 500 icebergs starting 
fi-om the frozen regions, at one time, for the south. Doubtless a great part of 
the Banks of Newfoundland is produced by the deposition of the materials 
from these bergs. 

Of the above agents of erosion the ocean has," without doubt, 
been by far the most potent. It must be borne in mind, that our 
present continents, certainly North America, have been several 
times submei^ed beneath the ocean, and again elevated above it 
by slow vertical movements ; so that every part of these countries 
has been again and again subjected to the long-continoed action of 
the waves and currents ; in other words, every portion of the sur- 
face has been repeatedly the shore of the ocean, against which its 
waves, tides, and currents, have impinged as fiercely as they now 
do. During the Silurian and Devonian periods the surface, com- 
posed of rocks of that age, must have been beneath the ocean. 
But during the Carboniferous period, large portions at least must 
have been above the waters, to .furnish the gigantic vegetation 
which was converted into coal. Subsequently that same surface, 
in some countries certainly, must have gone down to receive the 
thick marine beds of the Oolite and Chalk. During the Tertiary 
period, there appears to have been sometimes an alternation of salt 
and fresh water deposits. But subsequently it seems the wlioio 
of our western continent was submerged, and then again raised 
essentially to its present height. 

AMOUNT OP DENUDATION 

The great amount of denudation that has been the result of 
these several ^encies may be learned by the following facts : 
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1. The great abundance of loose materials, often hundreds of 
feet thick, that are spread over the surface almost everywhere, 

2. The evidence of the action of existing agencies. Upon sea 
coasts, cliffs are rapidly worn away ; along rivers, deep gorges and 
valleys are excavated. In districts where the strata are but slightly 
inclined, outlying precipices and isolated hills were once continuous 
with each other. So vast has been the denudation, that we must 
call in the aid of the ocean in addition to rivers for its accom- 
plishment. Such a process has gone on, for example, in the 
Palaeozoic rocks in the Appallachian coal basin, to form valleys for 
the Ohio river and its tributaries ; also in the Mesozoic rocks of 
the Connecticut river valley ; where probably 1,000 square miles 
of surface have been denuded of sandstone to the depth of at 
least 1,000 feet. 

3. All the fossiliferous consolidated rocks, six or ge fen miles 
thick in some places, are formed of materials eroded from older^" 
strata, stratified or unstratified ; and probably, also, all the strati- 
fied unfossiliferous rocks, whose thickness is of equal amount. 

4. The most striking evidence of the enormous extent of erosion 
is found in the vast amount of materials that must be supplied to 
fill up deficiencies in the strata. We never doubt but that a gorge 
in horizontal strata, (as B in Fig. 91), was once filled with sedi- 

Fig. 91. 




ments connecting the two sides. So when we find the same 
strata upon both sides of a valley of elevation, dipping in opposite 
directions, (as C in the same figure), we conclude that they once 
were joined together ; and upon geological sections, such former 
extension is usually represented by dotted lines above the present 
surface. Another case is illustrated at A. A valley has been 
excavated in nearly perpendicular strata. As this is not their 
normal position, we endeavor to ascertain their former extent. 



CHEMICAL DEPOSITS FBOM WATEB. 121 

The amount of eroded material cannot be ascertained as ac- 
curately as at C, because the height of the original fold above 
the present surface is often a matter of conjecture. Hence we 
estimate not merely the amount sufficient to fill the valley, but 
the probable extent of the contiguous strata before their re- 
moval. 

Upon these principles English geologists have ascertained that 
in South Wales, and the adjacent English counties, a mass of rock 
from 3,000 to 10,000 feet thick has disappeared; in other words, the 
country was two miles higher than it is now. A few measure- 
ments of this kind have been made in the United States. The 
junior author of this book has found that 5,000 feet of strati 
have been removed from an anticlinal valley in-Brattleboro, Ver- 
mont; and that nearly 10,000 feet of vertical thickness have dis- 
appeared from the surface at Shelbume Falls, Massachusetts. — 
See Final Meport on the Geology of Vermont, 

From these investigations it may be inferred that the matter 
torn from the present surface was far greater than all which still 
remains above the level of the ocean. 

CHEiaCAL DEPOSITS FROM WATER. 

Calcareous Tufa^or Travertin, — In certain circumstances water 
holds in solution a quantity of carbonate of lime, which is readily 
deposited when those circumstances change. The deposit is 
called travertin^ or calcareous tufa. 

At Clermont, in Prance, a single thermal spring has deposited a mass of 
travertin 240 feet long, 16 feet high, and 12 feet wide. At San Vignone, in 
Tuscany, a mass has been formed upon the side of a hill, half a mile long and 
of various thickness, even up to 200 feet At San Filippo, in the same coun- 
try, a spring has deposited a mass 30 feet thick in 20 years. And a mass is 
found there, 1.25 mUe in length, one-third of a mQe wide, and in some places 
250 feet thick. In the vicinity of Rome, some of the traverthi can hardly bo 
distinguished from statuary marble ; and that which is constantly forming 
near Tabreez, in Persia, is a most beautiful variety of semi-transparent marble, 
or alabaster. At Tivoli, in Italy, the beds are sometimes from 400 to 900 
feet thick, and the rock of a spheroidal structure. 

Marl, — The only kind of marl now in the course of formation, 
is that deposited at the bottom of ponds, lakes, and salt water, 
known by the name of shell marl ; and which consists of carbonate 
of lime, clay, and peaty matter ; as has been described in a pre- 
ceding section. The marls in the tertiary strata ^irp fr^qu^ntly 
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indnrated, and go by the name of rock xnarL Much of the marl 
used in Virginia, and other Southern States, is composed mostfy 
of Ibssil marine shells ; and this is a true shell marl. Bui that 
usually so called contains only a small proportion of shells ; the 
remainder being pulverulent carbonate of lime, except the day 
and peaty matter, mixed with the carbonate. These beds of ma?I 
often cover hundreds of acres, and are several feet thick. In Ire- 
land they contain bones of a large extinct species of elk, as well as 
shells of CypriSy LymncecLf Valvata^ Cyclas^ Planorhis^ Ancyclm^ 
etc. The marls of this country contain shells of PlanorbinjLym- 
nceoj CyclaSj and other small fresh-water molluscs. 

A part of these marls is probably a chemical deposit Carbonate of fime 
is soaroely soluble in pure water, but is abundantly soluble in water impreg- 
nated wiUi carbonic acid. Yet the excess of acid is easily expelled, and then 
the salt will be deposited in a pulverulent form, tmless there be some reason 
why it should be crystalline. As marl beds chiefly occur in the vicmity 
of limestone, it is easy to surmise the origin of the carbonate of lime. The 
tributaries convey it in solution fix)m the ledges into the pond. There the 
constant evaporation of the water causes the dissolved portion to fkll to the 
bottom. Molluscs add their shells to the mass, and at leng^ a thick de* 
posit will be formed. When the pond is drained or dries up, the marl maybe 
gathered. This process may suggest the origin of many of the limestones df 
the older series, as the marls need only induration to resemble them com- 
pletely. 

Silicious Sinter, — ^Thermal waters alone contain silica in soluf- 
tion to any important amount. The most noted of these are tbp 
Oeysers in Iceland, where a silicious deposit about a mile in diame- 
ter, and 12 feet thick, occurs ; and those of the Azores, where ele- 
vations of silicious matter are found 30 feet high. The stems and 
leaves of the frailest plants are converted into sinter, or covered 
with it. Thermal springs, also, not in volcanic regions, as on the 
Washita river, in this country, and in India^ deposit a copiooft 
sediment of silica, iron, and lime. 

Boy Ores. — The numerous deposits of the hydrated peroxide 
of iron, or bog iron ore, so widely diffused, may originate froQi 
springs, from the fossil shields of animalcula, or from the decoD»- 
position of beds of iron ore or pyrites. A popular theory of tbe 
origin of bog ore is this: Waters containing organic matter 
from vegetable decay, reduce to the state of protoxide the per- 
oxide of iron disseminated through sediments, and thus dissolve 
it. The oxygen of the air then peroxidizing liie iron, it is pre- 
cipitated from the water as the hydrated peroxide. Under, vari^w 
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eircutnstances of change, it may become iron ore of various den- 
sities and compositions ; and thus is explained the origin of iron 
©re of every age. 

Bog manganese, or Wad, is almost as widely diff\i8ed through the rocks as 
^e peroxide of iron; but its quantity is so small that it exerts but a slight 
influenoe in producing geological dianges, and will therefore be passed over 
without description. The same remark will apply to <sulphate of lime, car- 
Ixmate of magnesia, chloride of calcium, eta, which occur in most natural 
waters^ and sometimes form deposits of small extent 

Peir(^eum, AspkaUbtm, etc — ^The great amount of bituminous matter with 
which certain springs are impregnated renders them deserving of notice as 
existing causes of geotogical chcttge, capable of explaining certain appear- 
ances in the older rocks ; many of which are highly bituminous. In the 
' Burman Empire, a group of springs oir wells at one locality yielded annually 
.400,000 hogsheads of petroleum. It is also found in Persia, Palestine, Italy, 
and the United States. In this country it has the name of Seneca OU, from 
having been early observed on the surface of springs at Seneca, in New York. 
It is thrown up in oonsiderablo. abundance, also, at the salt borings on the 
]Slenawha river, in Ohio; where a few years ago a large quantity of it, float- 
hig on the surface of a small stream, took fire, and the river for half a mile 
in extent appeared a sheet of flame. A deposit of coal oil near Titusville, 
Crawford county, Pennsylvania, upon Oil Creek, is now (I860X attracting 
much attentKHx 

In Palestme the Dead Sea is called the lake Asphaltites, from the asphal- 
tum which formerly abounded there. But the most remarkable locality of 
bituminous matter is the Pitch Lake, in the island of Trinidad, in tlie West 
Indies. It is three miles in circumference, and of unknown thickness. It ia 
InifiSciently hard to sustain men and quadrupeds ; though at some seasons of 
^e year it is soft. 

liberal pitch was a principal ingredient in the cement used in constructing 
the ancient walls of Babylon, and of the temple in Jerusalem. It has lately 
been employed in a similar manner, and it is said very successfully, to form a 
eompositfon for paving the streets of cities. 

The various bitumens are produced from vegetables by the 
processes by which these are converted into coal in the earth. 

Hence the bitumens that rise to the surface of springs, or form 
inspissated masses on the earth's surface, or between the layers of 
rocks, are supposed to be produced from vegetable matters buried 
in the earth ; and to be driven to the surface by internal heat ; 
tmd the fact that such deposits usually occur in the vicinity of 
active or extinct volcanos, gives probability to this theory. 

Phenomena of Springs. — ^Water is very unequally distributed 
among the different strata ; some of them, as the argillaceous, being 
almost impervious to it ; and others, as the arenaceous, admitting 
it to percolate through them with great facility. Hence, when 
tiie former lie beneath the latter in a nearly horizontal position, 
the lower portions of the latter will become reservoirs of this fluid. 
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Hence, if a valley of denudation cuts through these pervious 
and impervious strata, we may expect springs along their junction. 

In Fig. 92, if B, B, be the pervious, and C, C, the impervious strata, and a 
valley of denudation has been excavated in them, we may expect springs at 
E, B. If a fault occurs where pervious and impervious strata johi each other, 
the water will be accumulated in the lowest portion of the pervious strata, 
and we may expect to find a spring at L. 

And vice versa, the geologist can sometunes discover the line of a feult h^ 
the occurrence of mineral springs, where nothmg else indicates its existence 
at the surface. 

Fig. 92, 




In many parts of the world if the strata be penetrated to a con- 
siderable depth by boring, water will rise sometimes with great 
force to the surface, and continue to flow uninterrnptedly. Such 
examples are called Artesian Wells, from having been first dis- 
covered in the province of Artois,in France, the ancient Artesium. 

The theory of these wells is sunple. In Ilg. 93, suppose the stratum M, If, . 
to be pervious to water, while the rocks above and below, A, A, and B, B, 
are impervious. Tlie result is, that all the wate^ which accumulates in the 
stratum M, M, will press toward the lower part of the basin. If now an 
opemng be made at any place lower than tie outcrop of the stratum, the 
water will be forced above the surface in a jet, by hydrostatic pressure, and 
an artesian well will be the. consequence. 

Fig. 98, 
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We infer fh>m this theory: 1. If any water bearing strattim, passing under 
d place where boring is attempted, rises higher at any point of its prolonga- 
-tion tiian the surface where the boring is made, the water will rise above that 
sur&ce, and it will fall as much below that sur&ce as is the level of the high- 
est part of the pervious stratum. 

2« Hence borings of this sort may fail; first, because no water bearing 
stratum is reached ; and, secondly, because that stratum does not rise high 
enough above the place to bring the water to the surfoce. 

3. These explorations have proved that subterranean streams of water 
«3dst; someof which have a communication with the water at the surface. 

Examples, — ^At St. Ouen, in France, at the depth of 150 feet, the borer 
suddenly fell a foot, and a stream of water rushed up. At Tours the water 
brought up from the depth of 374 feet fine sand, vegetable matter, and shells 
of species living in the vicinity, which must have been carried to that depth 
within a few montlis preceding. In Westphalia the water brought up several 
small fish, although no river existed at the surface within several leagues. 
The borings in the United States prove that cavities containing water exist 
even in granite. 

Depth of the Borings. — One of the deepest weUs in this country is at Louis- 
ville, Kentucky. It is 2,086 feet deep. It discharges 330,000 gallons of water 
every twenty-four hours, which rises to the hei^t of 170 feet above the sur- 
&C6. The aperture is tiiree inches in diameter. The water is much warmer 
than the average of the surface water, being 76}°, and it is unafieeted by the 
external temperature. In Columbus, Ohio, one of these wells was 1,858 feet 
deep in December, 1868, and is said to have been carried several hundred 
^^et lower since that time. In Paris there is an artesian well at Grenelle, 
1,800 feet deep, and capable of producing 14,000,000 of gallons of water 
dally. At Niondor^ in Germany, there is one 2,247 feet deep. In the Duchy 
of Luxembourg, an excavation was made several years ago, to reach a 
Btratom of salt water, which had been carried to the depth of 2,336 feet» 
in 1847. 

Natural deserts may sometimes be changed into regions of fertility by these 
wells. Several wells have been bored in the Llano Estacado, in Texas, but 
we believe without much success. Upon the great desert of Sahara, in 
Africa, five of tiiese wells, called " Wells of Gratitude," have been excava- 
ted, to the great relief of the nomadic tribes roaming there, as well as of 
travelers. 
'. Thermal Springs will be considered elsewhere. 

Mineral Springs, — All waters found naturally in the earth con- 
tain more or less of saline matter; but unless its quantity is so 
great as to render them unfit for common domestic purposes, they 
are not called mineral waters. 

The ingredients found in mineral waters are the sulphates of ammonia^ 
soda^ lime, magnesia, alumina, iron, zinc, and copper; the nitrates of potassa^ 
lime^ and magnesia; the chlorides of potassium, sodium, ammonium, ba- 
riutn, calcium, magnesium, iron, and manganese ; the carbonates of potassa, 
soda, ammonia, lime, magnesia, alumina, and iron ; the silicate of iron ; silica, 
stnmtia, lithia, iodine, bromine, and organic matter; the ptiosphoric, fluoric, 
muriatic, sulplmrous, sulphuric, boracic, formic, acetic, carbonic, crenic, and 
apocre^c acids ; also Oxygen, nitrogen, hydrogen, sulphureted hydrogen, and 
carbureted hydrogen. 

Theory. — Many of the above ingredients are taken up into a 
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state of flolation from the strata througH which the water perco* 
lates ; others are produced by the chemical changes going on 
in the earth, by the lud of water and internal heat; and others 
are evolved by the direct agency of volcanic heat. 

Salt Springs. — ^The most important mineral ^rings in an ecozi* 
omical point of view are those which produce common salt. 
These are called salines, or rather such is the name of the region 
through which the springs issue. They occur in vanous* parts of 
the world ; and the water is extensively evaporated to obtain table 
salt They contain also other salts ; nearly the same, in iskci, as 
the ocean. 

Some of these Eprioga oomtain less, bat usually they oontam more salt, ttian 
the waters of the ooean. Some of the Cheshire springs in Engkoid yield 
26 per cent ; whereas sea water rarely crmtains more than 4 per cent In 
the United States they contain fifom 10 to 25 per cent. They are found in 
New York, Ohio^ Virginia^ Pennsylvania, Illinois, Hichigan, Missoori, Arkan- 
sas, and Upper Canada. 450 gallons of the water at Boon's lick, in Missouri, 
yield a budiel of salt; 300 gallons at Conemaogh, Penn. ; 280 at Shawnee 
town, m; 120 at St Catharine's, U. C; 75 at Kenawha» Ya.; 80 at Qrand 
Biver, Arkansas ; 50 at Mnakingam, OMo; and 41 to 45 at Onondaga, N. Y ; 
850 gallons of sea water yield a Imabel at Nantucket In Ohio 1,300,000 
bushels of salt were mano&ctared tnxa these springs in 1855. The springs 
in liFew York yield annually about six millions of bushels, and those in Yir- 
ginia three and a half miUioDa In all these places deep b<»jng8are neoessary, 
sometimes even as de^ as 1,000 ieet; and usually the Ivine becomes stronger 
the deeper the excavation. 

Origin of Salt Springs. — ^In many parts of Europe, salt springs 
are found rising directly from beds of rock salt, so that their 
origin is certain. In this country, beds of rock salt have been 
found in Virginia, and they doubtless exist whctrever salt springs 
occur. The springs in this country issue almost invariably from 
tile Silurian rocks. 

Gas Springs. — Carbonic acid, and carbureted hydrogen, «r^ the 
most abundant gases given off by springs. They sometimes escape 
from the soil around the ^rings, over a considerable extent of 
snrfisu^e, and produce geological changes of some importance. 
Carbonic acid, for example, has the power of dissolving calcareous 
rocks, and of rendering oxide of iron soluble in water. It con- 
tributes powerfully also to the decomposition of those rocks that 
contain feldspar. Carbureted hydrogen is sometimes produced so 
abundantly from springs that it is employed, as at Fredonia, iir 
New York, in supplying a village with gas l^hts. At Charles- 
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town, in Western Yii^nia, and in Pomeroj, Ohio^ it is so abundant 
that it has been employed for boiling down the salt water that is 
driven up by it with great force. In almost all the States west of 
New England this gas rises from springs in greater or less abund- 
ance^ generally from salt springs. 

Origin of ihes^ Gases.—^me of tboBe gases, as carbonic acid, are given off 
most abundantly from springs in the vidnity of volcanos; and in such a case 
there can be no qaestion but they are produced by decompoeitiocis from vol- 
canic heat When they proceed from thermal springe^ there is a good deal 
of reason for believing that internal heat may have produced them. Bat 
wh&ce they rise from q)rings of the common temperature, they must generally 
be imputed to those chemiuail decompositions and recompositions that often 
occur in the earth without an elevated temperature. Although carbureted 
hydrogen may sometimes proceed from beds of coal, it may also proceed from 
other forms cf caibooaceous matter; as from bitumen diweminated through 
thezodUL 

SUBFACB GEOLOGY. 

By Surface Geology is meant the history of the superficial de- 
posits which have accumulated upon the earth since the tertiary 
period. It is the geology of the Alluvial Period. We have al- 
ready described the agencies which have produced the effects, as 
existing causes are adequate for the work. The facts are first 
stated, and then the theories. 

The most general division of the superficial deposits is into 
Drift and Modified Drift. These may be subdivided into four 
periods, viz. : 

L Drift 11. ISodifUA Dnft 

1. The Drift Period, 2. The Beach and Sea Bottom Period, 

3. The Terrace Period, 

4. The Historic Period. 

The agendes which produced all the different forms of Alluvium were at 
work in each of these periods, and are still in operation. The second period, 
fi»r example, embraces the time when most of the deposits formed were 
beaches and sea bottoms. But these accumulations have also been made in 
t^e third and fourth periods, thou^ not so abundantly as terraces. Hence 
each period receives its name fix>m the predominant form of the deposit then 



There is a great diversity of views in relation to Surface Gteology among 
geoIogiiBts. We present the subject in the light which, after much study and 
observation, appears to us most probable. 

I. DRIFT. 

Unaltered or unmodified drift is a mixture of abraded materials, 
auch as bowlders, gravel, and sand, blended confusedly together, 
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and piled up by some mechanical force that has pushed it alon^ 
over the surface. Yet in some places the materials are somewliat 
stratified and laminated, as if by. water. In other cases we find. 
more or less of an alternation of finer materials, such as sand and 
gravel, with the coarser unstratified accumulations mentioned 
above. 

All the great bowlders scattered over the surface belong to tb.o 
unmodified variety. Some of the bowlders are scratched, thus 
showing collision with other rocks, 

A common variety of drift is the bowlder clay. This is a heterogenoua mix- 
ture of a stiff, daric-bluish clay, with rounded and striated pebbl^ and bo-wl- 
ders of all sizes. It is very common to find it exposed on the banks of 
streams which are so precipitous as to prevent the growth of vegetation upon 
them. Marine shells are found in this clay in Scotland and England. GPen- 
erally the shells are crushed to fragments, which are more or less comminuted. 
About thirty species have been found, most of which live in the vicinity at 
the present time, but a few of them are nK)re boreal in their character, 
being adapted to the climate of Iceland or Greenland. 

The coarse drift lies upon some older formation, though some- 
times deposits of clay or sand intervene. It is usually succeeded. 
. upward by regular stratified deposits of the same materials, whiclx 
have been reduced to a finer state, sorted into finer or coarser 
layers, and deposited in more and more delicate layers as we 
ascend. These deposits, mainly horizontal, may be called Modi-- 
fied Drift. 

Fig. 94. Fig. 94 illustrates the position of the 

unmodified drift ; c. ^., lying uiiconfonna- 
bly upon Silurian rocka^ and overlaid by- 
modified drift. 

Drift is easily distinguished from the sub- 
*/fl, Silurian strata, higWy inclined ; jacent tertiary strata, by superposition, by 
lib^ Drift ; the marks of a much more powerful me- - 

cc^ Modified Drift. chanical agency in its production, ^nd by 

the absence of organic remains; for probably in most cases where organic re- 
mains have been reported in drift they have been derived fix>m modified drifts 

"We can see from the preceding remarks that it is not easy tb 
say precisely where is the line between drift and modified drift ; 
but it is easy to distinguish between the coarse irregular beds of 
bowlders, gravel, and sand, lying immediately upon the older rock, 
and the fine stratified deposits of clay, sand, and loam, that lie 
much higher, and frequently form the banks of rivers. We can 
see that the latter have been produced from the former by the 
comminuting, sorting, and re-depositing power of water, as the 
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chief agent ; "whereas we can hardly account for the formation of 
the coarse drift without the aid of ice in some form. 

Dispersion of Drift, — It is a characteristic of drift, by which it 
is distinguished from disintegrated rock, that it has been removed 
from its original position, it may bo only a few rods, but more 
often a great many miles. And by the bowlders and trains of 
gravel and sand which it has left along the way we can trace it 
b^ck to its origin. 

In the dispersion of drift we find the evidence of two distinct 
phases of action, which may, however, have been the result of the 
same general cause, operating in different circumstances. In the 
first case, the drift has been carried out from the sunmiits and 
axes of particular mountains along the valleys, and spread over 
the neighboring plains. 

An example of this mode of dispersion exists in the Alps. The bowlders 
there have ustiallj been carried down the valleys, and they exist in tiie 
greatest abundance opposite the lower opening of those valleys. 

Northern Scandinavia is another example of a centre of dispersion for 
drift. Norwegian bowlders are found in a southwest direction, in England 
and Denmark; in a southerly direction thej are found in Prussia; east and 
northeast, in Russia, and northerly in Russian Lapland. 

In the second phase of this action the force seems to have 
operated on a wider scale, having driven the materials in a south- 
erly direction, over most of the northern part of the American 
continent, and over a part of Europe. It is probable, however, 
that if we could learn more of the drift in high latitudes, where 
the ground is covered with snow most of the summer, we should 
find a point beyond which the bowlders took a north direction. 
Indeed, in McClintock's explorations in search of Sir John Franklin, 
from 1857 to 1869, he found several examples in North Lat 74**, 
where bowlders had been transported from 100 to 200 miles north 
and northwest of the parent rock. If we could be sure that 
there is no mistake as to the^e facts, it would settle the question 
as to the northern direction of the drift on this continent At 
any rate, we have reason to suppose that some of our high moun- 
tain chains may have been centres or axes from which glaciers, as 
in the Alps, have proceeded outwardly. We attempt elsewhere 
to prove that the range of the Green and Hoosic Mountains in 
New England, once formed such an axis. The White Mountains, 
in New Hampshire, and the mountains of Essex county, in New 
York, also, may be found in future to have been such centres of 
dispersion. ^ 
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There are three general directions in which bowlders have been 
transported, in this country : to the southwest, to the south, and 
to the southeast. Those from the northeast to the southwest are 
the least common ; hence it is supposed that these were trans- 
ported the earliest. Hiose from the northwest to the southeast 
are the most common. This course carried the bowlders very 
obliquely across the precipitous ridges of the Green and Hoosic 
mountains, in New England, for example, without deviating from 
a right line. The largest blocks usually lie nearest to the bed 
from which they were derived, and they continue to decrease in 
size and quantity for several miles ; sometime^ as many as 50 or 
60, and not unfrequently even 100 miles, though usually the sea- 
coast is reached short of that distance. The islands off the coast 
are covered with detritus derived from the mainland. 

In the Western States large bowlders of Azoic rocks are found scattered 
over Silurian and Devonu^n strata; and are. significantly called iosi rocks. 
About Lake Superior, the bowlders have been driven in a southwesterly di- 
rection. Around the Lake of the Woods the course is nearly from north to 
south. 

The distance to which bowlders liave been driven from tbehr 
native beds in this country is very great In New England they 
have been traced rarely more than from 100 to 200 miles. In 
Ohio and Michigiln, Azoic bowlders are very Gommon, which have 
been transported from the region of the great lak^ This would 
make their longest transit from 400 to 600 miles. 

Hence the dispersion of bowlders may be of great service to the geologist 
F(H* if fragments of a peculiar kind of rock are found in any district imd it is 
wished to know their source, by foUowing the directicm of the drift oinreti^ 
as indicated by striated rocks in the vicinity, the parent ledge will be fiwmd. 

In passing to the eastern continent, we find, as^ already stated, 
that on the eastern coast of England the drift can^e from Scandi* 
navia and from Scotland. On the west si^ of England, ther 
bowlders were carried from the northwest to tbe southeast. The 
dispersion of blocks from several local oentres; iE» Wtiles, Ben 
Cruachen, and Ben Nime, seems to be independent of that more 
general force, apparently marin6, that swept southeasterly over 
the whole island, and also over Ireland. 

The drift of Scandinavia reaches as -lar east as the Uralian 
mountains. Siberia is said to be mostly free from it In northern 
Syria drift phenomena have been observed. Bdwlders of greem 
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stone have been traced southerly sixty miles from their source, as 
far as Beirut, about 32^ North Lat In South America, beyond 
41 o South Lat, transported bowlders show themselves in Chile 
and Patagonia, where they seem to have traveled in an easterly 
and westerly direction. Enormous transported blocks have also 
been found in British Guiana. 

Size and Amount of JErraiic Bowlders. — Frequently the surface 
is almost entirely covered for many square miles with lai^ trans- 
ported blocks of stone, which are but little rounded. 

The hilly parts of New England illustrate this statement A]90 in eaFtera 
HassachusettSi near the ooast^ unmodified drift is unusually common. Fig. 95 
will give some idea of a desolate landscs^ near Squam, in Gloooester. 

Fig. «&. 
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The nae of single bowlders is sometimes enormous. The Needle moantain 
m Daophinj, said to be a bowlder, is 3rtN>0 feet in circumference at the bot- 
toD^ and 6,000 at the top. Fig. 96, represents the block called PUrre d BU, 

Flg.W. 




Pierre i Bo% SwHzerland, 
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coDtaiuiDg 40,000 cubic feet, near Neufchatel, on the Jura. It has been trans- 
ported from near Martigny, more than 60 miles, across the great valley of 
Switzerland. Prof. Forbes describes a bowlder in the Alps 62 feet in diameter, 
containing 244,000 cubic feet 

In this country bowlders occur of equal dimensions. In Danvers, Mass., 
there is one called the Ship Bock, shown in Fig. 97, and which is the property 
of the Essex Society of Natural History. 

Flg.»T. 




Ship Hock, 

On the top of Hoosic Mountain, in North Adams, Massachusetts, is a bowl- 
der of granite, called the Vermonier, which weijjhs 510 tons. It has been 
transported from Oak Hill, across a valley 1,300 feet deep. The Cfreen Motm- 
tain Giant is represented in Fig. 98. It is 40 feet long, 36 feet wide, and 2T 
feet high, and it weighs 3,400 tons. This has also been brought across a 
valley 1,000 feet deep, from the crest of the Green Mountains. It is now- 
located upon a mountain in Whitingham, Vermont 

At Fall River, Masrachusetts, there was a bowlder of conglomerate, which 
originally weighed 5,400 tons, or 10,800,000 pounds ; but it is all used up for 
building purposes. 

EffecU of the Drift arjency upon Ledges. — One of the most re- 
markable effects of drift action is the smoothing, rounding, 
scratching, and. furrowing of the surface of rocks in place. Ledges 




Green JHountain Giant. 

I susceptible of polish are sometimes as smooth as polished 
lOlible. Universally the ledges over which the drift materials 
liil^'e passed are more or less smoothed and roanded. 

A careful examinatiqn of the mountains of Now England shows that 
t llietr north, northeastern and northwestern sides are worn and rounded 
. tiuonghout An interesting example is Mount Monadnoc, in New Hamp- 
rtiire; which is the more striking, because it is mostly naked rock. Tho 
sur&ce of the mountain is very uneven ; but the protuberances are nearly 
an rounded, and few are left angular, except on the southeastern side. 
The axes of the intervening hollows usually correspond nearly to the direc- 
tion of the striaa ; so that the surface appears like the swell of the ocean after 
a storm. Seen in a certain direction these swells appear like domes. Fig. 99 
will give some idea of a spot on the southwest part of this mountain about 
five rods square. This appearance corresponds precisely with that in the 
Alps, denominated by Saussure roches motUonnees^ produced by glaciers. 



When rocks or mountains have been thus acted upon, we can 
easily see which side has been struck by the denuding force, be- 
cause that side is rounded or embossed. In Sweden this is called 
the stoss or struck side. The other is called the lee side. 

Unless these smoothed and rounded ledges hav^ been decom- 
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posed upon their sur&ees, they «re covered with itriee^ nsnally 
parallel to one another, and indicating the exact course of the 
drift agency. They are rarely met with on pure limestone, unless 
tlie rock has been protected by soil ; on account of its great lia- 
bility to disintegration. Most of the coarse granites and con- 
glomerates, as well as gneiss, are so much decomposed at the 
snr£Etce as to have lost all traces of these markings. Greenstone, 
syenite^ and porphyry are frequently rounded and smoothed ; but 
tlie markings are umially faint on account of the great hardness 
of the roc^ Ledges of talcose, micaceous, and argillaceous rocks 
retain iJie striss most distinctly. Were the rocks of the Northern 
States to be laid bare, nearly half of the surface would show 
marks of this scarification. In New England the proportion 
would be vmck greater. 

If we find embossed rocks, with no striae upon them, we can determine the 
direcfion of the force, by which they have been rounded, by asoertaining 
which is the «toss, and which the lee side. The booBes can hardly lose their 
form by the ordinary natural agents, because they act upon the whole sur&ce 
equally. BHA; action is chiefly distinguished ftom aqueous action upon rocks 
by the great ^veRness and uniformity of its erodon. Water will smooth 
rock^ bat not uniformly over so great sur&ces. 

Care must be taken by the observer not to confound drift fUrrows and 
strise with those grooves on the surface of rocks produced in the direction of 
the deavage planes, or the planes of stratification^ by the unequal disintegra- 
tion of t^ harder and softer parts ; nor with the ftirrows between the veins of 
segregatiOD, produced in the same manner. 

The drift striss vary in direction from northeast to southwest 
and northwest to southeast Multitudes of examples may be 
found all over the country directed to every conceivable point be- 
tween these two courses. Of these the first are probably the 
oldest, and the second the most recent. In New England the 
first set are found principally upon elevated peaks. Those from 
north to fioatb are found at all altitudes. 

In genenral, these stris do not alter their course for any topographical fea* 
ture m the country. They cross valleys at every conceivable angle, and 
even if ^bd striae run in a valley for some distance, when the valley curves 
the striae will leave it, and ascend hills and mountains, even thousands 
of feet high. But these striee are never found upon the south sides of 
mountains, unless for a part of the way where the dope is small. Mt Mo- 
nadnoc, of New Hampshire, is an illustration of these statements. It is a 
naked masrof mica schist, 3,250 feet high, rising like a cone out of an undula- 
tmg country. And from top to bottom it has been scarified on its northern 
and western sides, indicated by striae running up the mountain, at first south- 
eastariy^ and at tho top at & 10° K. There are deep furrows and other phen-. 
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omena upon the summit, and the striss continae a short distance upon the 
southern slope of the mountain. 

Rarely do the striae appear to have been influenced in their 
course by the general features of the country. In general^ in 
great north and south valleys, they correspond to the axis of the 
valley ; as, for example, the valley of the Connecticut, where most 
of the striae run north and south. Upon the valleys of the La- 
moille, ' Winooski, and Missisco rivers, in Vermont, the deflection 
from the i^ual course is quite marked. These rivers cross the 
Green mountains nearly at right angks, running, therefore, about 
east and west Upon the elevated land, averaging about 2,000 
feet above the valleys, the striae have a general southerly direction, 
but at the bottoms of the valleys they have an easterly direction, 
running up the stream. It is as if, when tjie highest peaks of the 
Green mountains were islands in the glaciaf ocean, a great iceberg 
was accidentally caught in one of these valleys, and was forced 
onward in an unusual direction. 

Sometimes there are several sets of striae crossing one another at 
a small angle, the lines of each set preserving their parallelism. 
Cases where two and three sets cross each other are quite com- 
mon. The angle of intersection is sometimes as great as 45**. 
Upon Isle La Motte, in Lake Champlain, there are eight distinct 
directions of the striae ; the two most widely separated running S. 
8** W., and 8. 65* E. 

a Fig. 100. 




Fig. 100 represents drift striae upon a slab of Trenton limestone from Shores 
ham, Vermont . Tliis sliows two fects of much interest: first, we have here 
a broad furrow, a, a^ flaked up every inch or two, as could have been done 
only by a very heavy body moving with some frictionj aeooodly, we have 
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.'broad scratches, deviating from the comiDon course, and at length terminating, 
just as would be done by a loose pebble waddling to one side and finally com- 
pletely crushed beneath the heavy graver. 

The summit of Mount Holyoke, in Massachusetts, which has been very 
much abraded by the agency under cousideration, sometimes presents insu- 
lated hummocks of greenstone, resembling the *^ sacks of wool," described by 
Selstroom, as shown in Fig. 101. 

Ffg.i(n. 




Hummock on Holj/oke, 

Sometimes, instead of striae, we find the summit of a mountain 
ploughed into deep furrows, which enlarge so as to form deep 
parallel valleys. 

' A most remarkable example of this kind is the summit of Mount Holyoke, 
mentioned above. This is a narrow, very precipitous ridge of greenstone, 
rising 700 or 800 feet above the valley of the Connecticut, and lying in the 
curvilinear direction shown in Fig. 102, where the line N S represents the 
meridian, and corresponds to the direction taken there by the drift, which 
struck the mountain from the north. On that side the moimtain is a nearly 
perpendicular wall of rock. Yet the summit is intersected with numerous 
grooves and valleys in the direction of the lines A,A,A,A,NS, from a few 
inches to several hundred feet deep. And not only do we see the inarics of . 
abrasion in the bottoms and on the sides of these valleys, but the fact that 
they preserve their parallelism so perfectly, although the mountain curves so 
much, shows that they were produced by some abrading agency rather than 
by the ori^nal structure or elevation of the mountain. For had they resulted 
from the fitter causes, we might expect them to change tiieir course to the 
lines B,B,B, as the mountain continued to curve more and more. 

Tliese furrows and valleys must be imputed to the joint action of ice and 
water. If water alone were concerned, t\\e valleys could not have so nearly 
preserved their parallelism. . Indeed, unless the large valley around the 
mountain had been filled with ice, it is difficult to see how streams of water 
could have flowed over its summit so as to produce these valleysL Ice alone, 
moving over the top, might have begun the work, (and tiiis would explain 
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Fig. 102. 




tiie parallelism of the valle js), bat could. not have made so deep Cfrosions 
witiu)ut wearing down the intervening ridges. 

It appears tliat in all cases the strise, furrQws and valleys, that 
have been described upon the surface of rocks, corre^pnd in 
direction to the course taken by the drift, and thus the tWdu/^iOt^ 
of phenomena are proved to have resulted from the same general 
cause. 

Transport of Drift from Lower to Higher Levels. — The em- 
bossed and striated rocks show that in some instances the drift 
has been transported from lower to higher levels. On the northern 
slopes of mountains the stri» run from the bottom to the top, the 
course being shown by the stoss side, without essentially chang- 
ing their parallelism. The slope up which the force has carried 
materials may be as great as 60°, as illustrated upon Mt. Monad- 
noc. The bowlders which have been carried up to the tops of 
these mountains will remain to attest this truth. We need only 
refer to the Green Mountain Giant and the Vermonter to confirm 
this statement. 

Ledges Fractured hy Glacial Action, — Sometimes the end or 
side of a ledge of a rock bears evidence of having been subjected 
to a crushing force, which has broken the strata into numberless 
fragments. Many quarries of building stones and roofing slate 
show this action, which, of course, has greatly injured their value. 
Fig. 103 represents one of these fractured ledges, where the 
crushing force must have come from the east, in Guilford, Ver- 
mont. The thickness of the crushed fragments is twenty feet. 
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Simflar cases are found elsewhere in Vermont ; near Niagara Falls, 
in New York ; at Middlefield, and Lowell, in Massachusetts ; at 
Newark, New Jersey ; in Wales and Scotland, etc. 




Fracture l^g€9 of Skttt, 



These fractured ledges are difficalt to explain. Where the strike of the 
cleavage is at right angles to the direction of the valley, it may be supposed 
that a glacier formerly descended the valley » breaking the strata, and pushing 
tiiem downwards. In other cases it might be explained by the joint action 
of frost and gravity. If we suppose that water percolates into crevices, and 
freezes, it might separate the layers ; and if a heavy weight of snow and ice 
had accumulated upon it, gravity might produce a slide. But this will not 
explain all the phenomena. A more probable theory is that huge icebergs or 
glaciers of great weight crowded along the sur&ce might crash and displace 
the atrata to a considerable depth. 

Trains of Bowlders, — ^Rarely the bowlders derived from a single 
locality are arranged in a line or in several lines streaming off in 
the direction in which the drift agency operated. Such bowlders 
are not much rounded, and they lie uoon the surface of the com- 
mon drift, not being mixed with it. 

Kg. 104 represents one of these trains in Berkshire County, Massachusetts. 

The mountains from which the angular blocks of hard talcose slate havo 
been torn off, lies in Canaan, New York ; and from thence they lie in trains, 
running for a few rail«s S. 56° E., and then changing to S. 34° E., and ex- 
tending yet further, making in the whole distance not less than fifteen or 
twenty miles ; at least one of them extends that distance, passing obliquely 
over mountain ridges some 600 or 800 feet high. Its width is not more than 
thirty or forty rods. The blocks are of all sizes, from two or three feet in 
diameter to tiiose containing 16,000 cubic feet, and weighing nearly 1,400 
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Fig. IM. 




tons ; and in some places they almost cover the sorfiu^. The trains lie upom 
the surface of the common drift, and are not mixed with it An analogous 
case, one mile long, is in Huntington, Vermont 

We incline, upon the whole, to regard these trains as Osars^ to 
be described under Modified Drift. 

Vertical and Horizontal Limits of the Drift Agerijcy. — The 
drift agency was mainly confined to the colder regions of the 
globe. In America it extended to the fortieth degree of latitude 
from both poles. Upon the eastern continent the southern limit 
is variable, reaching, in one case, to the thirty-second degree of 
north latitude. In the southern parts of both* Asia and Africa 
there is no drift except where glaciers exist or have existed, as ia 
the Himalayahs. 

The upper limit of the drift is a little over 6,000 feet in this 
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country. All the mountain peaks east of the Rocky 
Mountains are covered by its relics, except several 
hundred feet of the conical summit of Mount Wash- 
ington, in New Hampshire. This summit is cov- 
ered with angular fragments of rock which have 
never been removed, except by frost. 

In some parts of Europe the drift agency did not 
extend to the tops of high mountains, nor was that 
upper limit horizontal. In the Alps this upper 
limit varies from 3,000 to 8,000 feet, and its incli- 
nation is never quite three degrees. 

But the lowest level of drift agency is unknown. 
The striae left by it are seen descending beneath the 
ocean, where it is impossible to trace them any 
further. The detritus from icebergs may cover the 
bottom of the present northern ocean, several 
thousand feet below the surface. 

FORMER EXTENT OF OLACIBRS. 

The researches of Venetz, Charpentier, Agassiz, 
Guyot, Forbes and others, have brought to light 
marks of ancient glaciers in the Alps at a much 
lower level than those now existing, and in advance 
of them. The evidence consists of moraines, in- 
sulated blocks, and especially of smoothed, striated, 
and rounded rocks in place, produced by a force 
crowding down the valleys that descend from the 
summits of the Alps. 

Hie theory of Charpentier, Agassiz and others, is, 
that the great valley of Switzerland was once filled 
with ice, and the blocks were carried by its motion 
from the Alps to the Jura. Fig. 105 will show 
how small must have been the declivity, much less 
than is now sufficient to cause a glacier to move, — 
none of them making much progress where the 
slope is not over 3°. Hence, Sir Charles Lyell and 
Mr. Darwin suppose that when the great valley of 
Switzerland was beneath the ocean, and the Alps 
were raised above it, and the Jura formed an island, 
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the glaciers, descending from tlie former into tbe ocean, sent <^ 
icebergs, loaded wiih blocks, which stranded on the Jura* But 
both theories admit the former wide extension of the Alpine 
glaciers. 

Mt Snowden, the highest peak in "Wales or England, was a center from 
which glaciers formerly radif^. ProC Ramsey proves that these glaciers 
existed previoos to l^e drift period, which has left its deposits to the height 
of 2^300 feet above the ocean, and that others hare existed since that tuoie. 
The high mountains of Scotland, Ben CruadieD, Ben Nime, SchiehalUen, the 
Grampians and Ben Nevis, were evidently once the seat of glaciers. There 
is also evidence to prove the former extension of the glaciers of the Hima- 
layahs, in India, fer beyond their present limits. 

The traces of former glaciers in the Umted States have been fbond npon 
the Green Mountain range m Massachosetts and YeraKmt 13^ eastern slope 
of this range is twenty miles wide, while its westem slope is much more pre- 
cipitous. Across this eastern slope several rivers have cut deep valleys, can- 
ing into the valley of CJonnecticut river. These streams run nearly east, while 
the high hills tlirough whidi they pass show on their summits the striffi and 
other phenomena of the drift agency. The direction of these striae is nearly 
north and south, deflected often towstfd the east from the south, and to the 
west from the north, a few degrees. But on the steep sides of the east and 
west valleys, is another set of striae, running nearly east and west^ formed by 
a force directed down the valleys, as is proved by the stoss side of the ledges. 
These could in no possible way have been produced by the drift agency, but 
they are precisely the effect that would be produced by glaciers sliding down 
the valleys towards Connecticut river from the crests of the range. The ex* 
amples in Massachusetts are these: on Westfield river, in Russell; near 
Huntington ; also in Russell, on Westfield littie river; at Sodom Mountain, 
in Granville ; and on Deerfield river and some c^ its branches. In Vermont 
these ancient glaciers existed on the headwaters of Deerfleld river, in Sears- 
burg* at Windham and Grafton, on Saxlon's river; on a branch of West 
river, in Jamaica; on the Otta Queeohee, in Plymoutii and Bridgewater; on 
White river and its branches ; at Hancock, on the west side of the range, 
and elsewhere. It is probable l^t this range formed a crest from whidi 
glaciers descended on both sides, principally before the drift period. 

Traces of glaciers in earlier periods have been supposed to exist In £ng-. 
land, striated blocks which can not be distinguished from those marked 
by modem glaciers have been found in deposits of the Permian period ; and 
geologists have traced out the course of this ancient glacier, and find that its 
outline agrees with that of modern elaciers, and that its greatest length was 
fourteen miles. 

In this country strise have been found upon Trenton limestone, in the val- 
ley of Lake Obamplain, and at Copenhagen, Lewis county, New York, which 
appear to have been made during the deposition of the rock itself. We should 
suspect also, fix>m the 'great size of tile fragments, thai some of our Mesozoio 
conglomerates were produced by something like drift agency. 

Disiinctions between the marks of Drift and of Glaciera. — There may be no 
perceptible difference between the marks of drift and of ancient glaciers in 
many cases. But generally they may be distmguished from each other ; and 
the following are the most important distinctions : 

1. Glacier striae differ often widely in direction' from drift strise. The drift 
9tim may be referred to \kr^ general directions— to the sot^ to tbe «ott&* 
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.east) and to the sontbwest — ^whilo the glacier directions are exceedingly va- 
liovtSj sometimes coinciding with, and oiten crossiog those left by the drift. 

2. Glacier strisB occur only in valleys, while the drift striie overtop moun- 
tains ; or, when found in valleys, may cross them obliqnely. 

3. Glacier striae descend from higher to lower levels, except in limited 
spots, where they may be horizontal. Drift striae as ftequently ascend 
mountains hundreds of feet, and rarely descend to lower levels. 

4. Drift is spread promiscuously over the surface, and the blocks are a 
l^ood deal rounded. The detritus of glaciers more or less blocks np the val- 
^ys, and the fragments are frequently quite angular. These, however, are in 
part covered with other materials^ which have descended from the mountaina 
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Whenever there is evidence that the coarse drift has been acted 
Qpon by waves, or currents, subsequent to its production, whereby 
the fragments have been rounded, comminuted, their 8tri» re- 
moved, and those of diflferent sizes sorted and arranged in differ- 
ent layers, we call the mass Modified Drift This term embraces 
"what some authors call Pleistocene. 

It Bhould be understood, that not nnfl^equently, especially near the outer 
limits of drift action, we find beds of modified and rearranged stratified ma- 
terials, beneath, and in the midst of coarse drift ; nor is it possible in going 
npwsuHl, to draw a definite line between modified and \mmodified drift. We 
(^an only say, that usually the coarse drift lies lowest, and shows less effect 
from water than the materials lying higher in the series. "When we compare 
layers of the depoat at a considerable vertical distance, the difference is very 
distinct, but not so with those in immediate proximity. Hence it seems cer- 
tain that drift and modified drift are the result of the same general causes, 
acting under modified conditions of the surface. 

Some statements as to the means of distinguishing genuine drift from mod- 
ified drifi;, oceanic from fluviatile action, and that of ice from that of water, 
will be important, preliminary to a description of the several forms of modi- 
fied drift;. 

1. Drift proper is the lowest part of the alluvial formation. 2. The frag- 
B^nts are coarser and less rounded than in modified drift. 3. The fragments 
sore fi^uently striated in one direction, as if held firmly, say by being 
fit>zen into ice, and pushed over a rocky surface. 4. The materials are not 
^neraUy sorted, though there is evidence often that water, as well as ice, 
liras acting upon drifi; during its production ; so that in the same mass we 
find one portion mixed confusedly together, and another portion more or less 
stratified and laminated. 

1. in modified dHfi the fi-agments are rounded, smoothed, and more or less 
destitute of striae. 2. They are sorted and arranged in layers ; the coarser 
and finer alternating. 3. In the most recent of these layers, which are super- 
imposed upon the others, though usually lying at a lower level, the finer do 
the materials become, until the almost impalpable powder of alluvial mea- 
dows is met. 4. The most recent portions are depc»ited in a more nearly 
horizontal position ; the surface becomes more and more level topped, and 
the terraces more regular, as we descend the side of the valley. 
. 1, Tho^eposita fi>nned by the ocean are generally more irregular on tbdr 
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Burfiice than those fh)m lakes and rivers, and less perfectly stratified. 
2. These deposits occur sometimes in positions (as when they fringe the side 
of a" mountain, where there is no corresponding elevation opposite), where no 
riven? can ever have existed. 

1. Deposits by lakes and rivers are found on the sides of valleys, or wide 
basins, or at the debouchure of smaller into larger valleys. 2. These deposits 
usually slope downward in the direction in which the river runs, and at the 
same or a more rapid rate than the river. 3. Fluviatile deposits are gener- 
ally made up of more perfectly comminuted and finer materials than oceanio 
as if the former were made in more quiet waters. 

Yig, 106, If masses of ice are moved along 

over the sui&ces of stratified sand and 
gravd, it is obvious they will plough 
furrows or pile up a ridge in front, and 
in various ways disarrange the layers. 
Or masses of ice might be mixed among 
alluvial deposits, and produce irregu- 
larities in the strata by its melting. 
The curvature in Fig. 106 may have 
been produced in this way. 
Fig. 107, which is the section of a terrace in Newfiine, Vt, shows how very 
coarse modified drift may succeed unconformably to fine clay. 

Fig. 108 shows an interesting case in Palmer, Mass. The diff is mostly 
gravel, sand, and coarse bowlders, yet in the midst of it are deposits of fine 
blue day. 

Fig. 107. 



Fig. 108. . 






Section in New/ant, Vt, 

Deposits of loose materials from water alone are distinguished by two cir- 
cumstances. 1. The materials are, as a general fact, arranged in horizontal, 
layers ; although in some places of limited extent they may be urged down 
a slbpe, and present a lamination considerably inclined. 2. The materials are 
sorted into finer and coarser, and arranged into layers one above another ; 
often passing into each other by the most delicate gradation. Hence, wher- 
ever we find a deposit possessing both these characters, we may be sure that 
it is the result of the action of water. 

Forma of Modified Drift. — Modified drift occurs in the form of 
moraine terraces, osars, escars, ancient subaqueous ridges, ancient 
sea beaches and sea bottoms, and terraces. Stratigraphically they 
all lie above the unmodified drift. 

Moraine Terraces, — These are generally accumulations of modi- 
fied drift, and are often arranged in heaps and hollows, or conical 
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and irregular elevations, with corresponding depressions. Some of 
them greatly resemble the moraines of glaciers. But they differ 
from moraines by their structure, being often more or less strati- 
» fied, and by their position. Generally they are not in localities 
favorable to the existence of glaciers, though they commonly occur 
along the foot of hills and mountains. As they are often asso- 
ciated with or change into terraces, we call them Moraine Ter- 
raceSy thus indicating their aflSnities,^ 

In New England tbese accumulations are very commoD, and sometimes 
they are so crowded together as to exhibit a picturesque appearance, being 
made up of tortuous and conical elevations with deep intervening cavities, as 
if soooped out by the hands of a Titan. There are remarkable examples in 
the vicinity of Plymouth, in Massachusetts, and near the extremity of Cape 
Cod, in Truro, where they are sometimes 200 or 300 feet high. In Truro they 
are composed wholly of sand, and they give a singular aspect to the landscape. 
Fig. 109 represents a small portion of the surface near what is called the 
H^bor in Truro. 

Fig. 109. 




Sketch in Truro. 

Vig, 110 shows a low of tumuli, some of them 100 feet high, a little south 
of the village of North Adams, in Massachusetts, at the foot of Hoosic moun- 
tain. The large ridges in the background are made of the same materials as 
tfaetumulL 

Moraine terraces are found in other parts of North America, more or less 
abundant, wherever the drift is found. 

In northern Europe, also, and probably in all countries where the drift 
agency has operated, similar accumulations occur. 

It is an interesting fact that these picturesque mounds and depressions 
have been chosen as the sites of cemeteries. This is the case at Mount Au- 
burn, in Cambridge; Mount Hope, in Rochester; at Plymouth, Massachu- 
setts, the oldest buiymg ground in New England— at Newburyport, Nortb 
Adams, etc. 

7 ' 
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iforaiiM Terraces in North Adame. 

Osars or (Esars. — Os in Swedish, signifies a pile of gravel, 
osar is its plural, thoagb in English it is costomaTj to use it as 
the singular. They are ridges of sand, gravel, and bowlders, some- 
times only a few rods, and rarely a mile long, lying in the same 
direction as the strisd on the rocks in a given region, having a 
somewhat ronnded back, and not unfrequently proceeding in a 
train from the lee side of a rock or hill. They seem to have been 
formed by a powerful current, which accumulated the detritus be- 
hind the obstruction in a tapering train, resembling in form an 
inverted canoe. In Sweden and Russia they embrace coarse 
bowlders, and become, in fact, mere trains of blocks. Sometimes 
they appear to have accumulated behind stranded icebeigs, which 
subsequently disappeared, as is shown in Fig. Ill, which repre- 
sents the manner in which a remarkable Osar, near XJpsale, in 
Sweden, was probably formed. In this case the lower part is 



Fig. IIL 




O^ar forming hehind a etranded Iceberg, 



SUB-AQUEOtrS BIDOES. 147 

sand and gravel, and the upper part a train of blocks, which pro- 
bably were derived from the melted floe. 

Not maDy Osara have .been pointed out in this coantry. Mons. Desor, 
however, who is iamiliar with such phenomena in Europe, speaks of Osars on 
the shores of Jjake Superior. We incline, as stated on a previous page, to 
bring under the same designation those trains of angular blocks whidi we 
have described in Berkshire Co. and Vermont. (See ¥ig. 104). 
• Esca/rs or Scceurs, — ^Those in Ireland consist chiefly of pebbles of carbon- 
iferous limestone heaped mto narrow ridges forty to eighty feet high, and 
fiom one mile to twenty miles long, probably formed in the eddies along the 
margjcoaof opposing and conflicting currents which pUed up the materials from 
each side. There are ridges of this character in this country, though the 
pebbles are of all sorts of rock, yet we incline to regard them as Escars. 
They occur in many parts of the country. 

^ Fig. 112 shows several c^ these ridges as they occur near the Shawsbeen 
river, in Andover, Massachusetts. One is called the Indian Ridge, and is a 
mile and a half long. The west ridge is still longer. They are narrow, 
usually not more than four or five rods wide, and fi^ fifteen to thirty feet 
high. Some of them are composed of sand and fine gravel, others of coarse 
gravel vrith large bowlders intermixed. 



Fig. 113. 




SubmaHiu BidffMf Andover, 

These escars are finely developed in Aroostook county, in Maine, 
^ey are called " Horsebacks ;" and one of them, between Wes- 
tQQ and Houlton, is thirty miles long, and nearly straight, running 
north BsA south. 

, Subaqueous Ridges, — ^These ridges are composed of sand and 
gravel, which differ from beaches and terraces, by having a double 
slope, which is usually gentle. They are found around lakes more 
especially, as lakes Erie and Ontario, and are there called *' Ridge 
ai^^kr In a longitudinal direction they vary considerable in 
he%^t, although their general elevation is the same* They form- 
fringes around the lakes. 

There are four of them on the south shore of Lake Erie, the lowest 100 
ainl the highest 200 ibet high. There are eight upon the north shore of Lake 
Oi^drio, from 108 to 762 ^eet in height. These ridges, however, were not 
neodssarHy vubmaH'ne, as a large body of fi^sh water would produce ridges 
notat all different from the submarine ridges described by European Geolo- 
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gists. There is one of these ridges on the coast of Massachusetts^ betweoi 
NewbuiTport and Ipswich, the highest part of the dtj of Newboiyport 
being situated upon its summit 

Sea Beaches, — Along oar coasts these are now in . process of 
formation. They consist of sand and gravel, which are acted 
upon, rounded and comminuted by the waves, and thrown up. into 
tbe form of low ridges with more or less the appearance of strati- 
fication. With them shells and fragments of shells are usually 
associated, but not invariably. In passing into the interior from 
the coast, we occasionally see analogous ridges, A. few of them 
are within 100 feet of the present ocean levels 9fA no one will 
doubt their marine origin. But as we rise into the higher parts 
of the country deposits occur which can not be distinguished from 
these recent beaches, except that they are sometimes much mnlil- 
ated by erosion. Fossil shells have been observed in these beaches 
about 540 feet above the ocean level in this country, in the de- 
posits having the provincial name of Cbamplain clays. No foflsik 
I^ave yet been discovered in the highest beaches. 

The most distinct beaches occur below 1,200 feet above the ocean level 
A very fine beach, howeter, is found on the west side of the Green Mount- 
UDs, in West Hancock, Tt, 2,196 feet high. Others stiU higher are in Peru, 
Mass., 2,022 feet; at the Franconia Notch of the White Mountains, 2,665 
feet; and at the Notch of the White Mountains, (Gibb's Hotel,) 2,020 feet 
Upon comparing together the heights of beaches in different parts of New 
England, we find a number of them having essenttaUy the same elevation; 
thus showing that they were formed contemporaneously. For example, there 
are beaches in Ashfield and Shutesbury, Mass. ; in Norwich, Corinth, ESmore^ 
Hardwick, and Brownington, Yt, each 1,200 feet above the ocean, and the 
most remote are nearly 200 miles apart Other sets might be named at differ- 
ent elevations than this. On Mt Snowden, in Wales, the highest beaches are 
elevated 2,547 feet; in Switzerland, on the west shore of Lake Zurich, 2,105 
feet; at Scupsheim, 2,274 feet ; and near Berne, 2,640 feet There is an in* 
tcresting coast line in Scotland, parallel to its present shore, and continuous 
around the whole ii^d. It is from thirty to My feet above the present 
ocean level 

Stratigraphically, the beaches lie directly upon the unmodified drift and 
are formed from its ruins. The striated and angular Ihtgments of rock lose 
their markings and angles; they are reduced In size, and stratified in suc- 
cessive layers of ooarse and fine materials. 

Sea j^o^/omf.— Extensive deposits are accumulating upon the 
bottoms of present seas and lakes, both of chemical and mechan- 
ical origin. These are forming at the same time with the present 
beaches Upon the coast If, then, we have found ancient sea 
beaches more than 2,000 feet above the present ocean level, may 
there not be ancient sea bottoms to correspond with them t There 
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are deposits o(gre$,t extent in our ooantry, apparently more or less 
connected with the beaches, which are r^erable to this class of 
accnmalation& This will not confuse the practical geologist, for 
he reflects that aa the country gradually arose frmn tfaw ocean, the 
c^ginal sea bottoms would be brought to the snr&ce, and have 
beaches deposited upon them manuflEictured from their own mins. 
They occupy much more of the sur&ce than all the other forms 
of modified drift combined. Many of the deposits called Pleiito- 
eene by geologists are ancient sea bottoms or beaches. 

TTnder this head we embrace all those deposits which oontain remains of 
pelagic animals; aa^ tor example, the lower parts of the Ohamplain dajs 
in Canada and Vermont The same kind of deposits at higher elevations 
may not contain fossils. On the shore of Lake Erie, by rising aboat 
240 feet, the well-mariEed terraces disappear ; and from that level to 650 
feet the sur&ee of northern Ohio presents the (duuraeters of these ancient 
sea bottoms. A rjse of water 250 feet above Erie, or 850 feet above the 
ocean, would submerge northern Indiana, Illinois, Michigan, much of New 
Torfe and Canada West, with much of Wisconsin and lowa^ all which ex- 
hibit more or less of these sea bottoms. The same is true of the country near 
the coast in K'ew England, especially in Rhode Island and llassacbusetts. 
The Pampas of South America and the Steppes of Siberia are also of this class. 

The superficial character of sea bottoms is a broad expanse of level or un- 
dulating sur&ce, composed entirely of water-worn materials. Many of the 
Western prairies, especially those confined between ranges of mountain)^ 
may be tsJcen tot the type. Fine day and sand, or loam, may compose most 
of the materials; but bowlders and coarse gravel may have been dropped by 
melting icebergs, and thus be intermingled with the finer materials. 

We introduce here the description of a series of deposits combining both 
XbQ sea beaches and sea bottoms. 

Champlain Cktyt, — From the mouth of the River St Lawrence to Lake 
Ontario^ and in the Champlain valley from Montreal to Whitehall, N. Y.,*and 
thence to New York CSty, there are numerous deposits of clay, sflt, sand and 
fine gravel, more or less abounding in marine fossils — molluscs and mamma- 
lia. Along the sea^ooast from Maine to the Gulf of Mexico, similar deposits 
occur. These are called Champlain clays or' Lawrentian deposits, fix>m the 
localities where they are best developed. They extend as high as 540 feet 
id)ove thb ocean, St Montreal, and to 400 feet in the valley or Lake Cham- 
^ pisdn. The lowest member is a tough, blue clay, containing fossil shells, which 
.must have inhabited very deep water. Those inhabiting the deepest waters 
were Foramimfera; such remains as have been brought up by sounding firom 
the bottom of the Atlantic ocean. These are in the very lowest strata, im- 
mediately, overlying the bowlder day.. Some of the species of shells ob- 
served are extinct; as the Kucuia Pordandica and N. Jacksoni, etc. Thus 
the diaraoter of this lowelr member is dearly an ancient sea bottom. 

Ovei^^g tiie day is a mixture of days, sand, silt and gravel, containing 
numerous species of littoral shells, such as are now found upon the. sea-shore. 
The most common are SanguiwAaria fitsca^ and Mga arenaria, the long dam. 
Remains of cetacea have been found in Vermont, and of other mammalia in 
the Southern States. Most deariy, then, all the banks containing these fo»> 
sils are andent sea beaches, and the ocean levd during this period has been 
sinking, and Ibe land ri^&g. - 
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Terraces. — ^The term terrace applies to any level-topped 8iirfi|C^ 
vith a Bteep escarpment, whether it be solid rock or loose mate- 
rials. We limit it now to those banks of loose materials, gener- 
ally unconsolidated, which skirt the sides of the valleys about 
rivers, ponds and lakes, and rise above each other like the seats 

of an amphitheatre. 

Fio. iia. 
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Fig. 113 represents an ideal section of a terraced valley. As we rise from 
the river, its immediate bank, or meadow, forms the lowest and latest ter- 
race, A, which maj be increasing from year to year by alluvial deposits. On 
the margin of the meadow we come to a steep slope, or tains, whose top, B, 
forms a second terrace. Very frequently the lower part of this second ter« 
race is composed of clay and the upper part of sand, or small graveL An- 
other steep slope carries us to a third terrace, C, which is more usually of 
coarser materials, but thoroughly rounded and mostly sorted. A fourth ter- 
race, D, is still coarser, and the top less level. Indeed it is here, usually, that 
we find those irregular mounds and ridges already described as moraine ter'r 
races; that is, they occur upon the highest terraces, and sometimes where no 
terraces exist ; but it is always along the base of mountains or hills. Rising 
above this we frequently find deposits, E, it may be of sand, gravel, or coarser 
but water- worn materials, not having a level top, but more or less rounded, 
and reaching a certain level along the side of the hiU. These are generally 
at a great distance from any existing streams, and conld not have been pro- 
duced by them, though they were at a higher level than at present In fine^ 
these accumulations resemble beacheSj such as now are forming on the coast. 
Still higher, as at F, we find the unmodified drift, which lies immediately upon 
the solid rocks, as at G. - 

Two facts respecting the occurrence of terraces are illus- 
trated in the last figure : 1. The drift underlies all the beaches 
and terraces, although it appears upon the surface at a higher 
level. All the striae made by the drift underlie deposits of modi- 
fied drift, and are therefore older than the water-worn accumula- 
tions. The beaches underlie the terraces, and each higher terrace 
underlies each lower terrace. 2. On the opposite side of th^ 
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TaUey we may or may not find terraces and beaches. If we do, 
it is not often that they correspond entirely in number and height 
on the two sides. 

The number of terraces on a river varies with its size, the largest rivers 
having the smallest number. Thus, on the Connecticut river, the number 
rarely exceeds three or four ; but on some of its tributaries, and those not 
the largest, as the Ashuelot, at Hinsdale, New Hampshire, and Whetstone 
Brook, in Brattleboro, Y^mont, they rise as high as ten. 

The height above the streams which the river terraces attam generally 
varies directly with the size of the river. The following are some of tlie 
highest. terraces that have been measured: on CJonnecticut river, at Vernon, 
Yt, 237 feet above the river, and 450 feet above the ocean ; at White River 
Junction, Yt, 209 feet above the river, and 629 feet above the ocean ; on 
Black River, at Proctorsville, Yt, 150 feet above the river, and 1,028 feet 
above the ocean ; on Lamoille River, at Hard wick, Yt, 380 feet alx)ve the 
river, and 1,100 feet above tlie ocean; on Grenessee River, at Mount Morris, 
N. Y., 348 feet above the river. In Peru, Mass., there is a terrace 1,851 feet 
above the ocean. The highest of the famous Parallel Roads in Glen Roy, 
in Scotland, is 1,495 feet above the ocean. Robert Chambers has measured 
the heights of twenty-five successive terraces in this district A terrace at 
Bhinefelden, on the Rhine, is 306 feet above the river. In Switzeriand the 
bluest terraces are from 1,300 to 4,350 feet above the ocean, but their great 
elevation may be due to the existence of former barriers of ice, producing 
l>a8ins, in which the terraces were formed without the aid of the ocean. 

Terraces occur in basins. There is a series of them from the mouth to the 
source of a river. For example, there are twenty basins upon the Connecticut 
river between its mouth and source ; and five basins upon Winooski river, 
inYermont Upon lakes and ponds there is but one basm. These, basins 
may be connected with each other directly, or be separated by rocky barriers. 
About such gorges and obstructions, terraces are usually either higher, or of 
greater breadth tLan in other parts of the basin. 

River terraces usually slope toward the mouth of the stream, at the same 
wigle with the descent of the river, or even more. 

There are four kinds of river terraces : 1. The Lateral Terrace^ 
which is the ordinary terrace, parallel with the course of the 
valley, and continuing for miles along the banks ; 2. The Delta 
Terrace^ which includes not only the deltas of large streams 
emptying into the ocean, as the Mississippi, but the former deltas 
of tributary streams, now cut through by the lowering of the bed 
of the stream ; 3. The Qorge Terrace^ which includes the deposits 
about the ends of goiges, intermediate in character between the 
first and second kinds ; 4. The Glacis Terrace^ which is a ridge 
sloping rapidly upon the side &cing the stream, but gradually upon 
the opposite side. They are most common in alluvial meadows. 
It will be seen that lake terraces and maritime terraces are lateral 
terraces. 
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Terraces of modified drift oocor akxig rirers in all parts of tbe worid. . In 
Sooth America, Mr. Darwin has deaaSbed seraral aloi^ the coast; in one 
part tii^e were seren of them in the distance of 150 mflea^ rising at length 
to 1,200 feet Tbe great chain of lakes in North America haye them. ProC 
AgasBiz speaks of " ax, ten, and eren fifteen in one spot, forming as it were 
tiie 8t^» of a gigantic amphitheatre," on tbe nortii sbne of Lake Superior. 
Aroond the great Sah Lake in Utah, tbere are not less than thirteen terraces, 
tbe highest 200 fe^ above the plain. In tbe Talley of tiie Mis»8sippi the 
Bottom Prairie and tbe Sb^sre depoerts of the terrace pmod. The latter 
is somewhat oooscdidated, and contains fiesh wtaber fossils in abmidanoe. It 
has been worn down by the rirer in manj places, leaving perpendicular 
banks called bbifs, whence the name. It is probably oontemporaneoos with 
the Loess of tbe Rhine, which is a silt or fine cakareons clay, without ka&- 
inatkm, containing fresh wat^ foesfls, and interetratified with beds of Tolcanic 
ashes thrown out at intenrals by the-Eifel T(dcanos^ now extinct 

Changes in the Beds of Bivert, — ^There are two kinds of descried 
sncient river beds. The first and in<»t obvioos are depressions in 
aUnvial meadows, connecting at the extremities with cnrres in the 
stream. Many of them were ocenpied by the rirer since the 
memory of man. The second kind show a deserted rocky gorge, 
where once the stream flowed at a higher level than at present. 
The proof of such a change is fonnd in the existence of pot holes 
in the rock, situated in a valley connecting with different parts oi 
the principal stream. 

In Orange, New Hampshire, on tbe summit level between the Connecticut 
and MiBrrimack rivers, there are pot holes 682 feet above the Connecticut, in 
the lowest place between tbe two rivers. They are so situated as to indicate 
that tbe current flowed from the Connecticut to the Merrimack. A barrier 
probably existed at Bellows Falls, so high as to force the Connecticat, or a 
part of it, into the valley of the Merrimack. 

There is proof of the existence of rivers in different channels 
from the present upon a former continent. On the west bank of 
the gorge, three miles below Niagara Falls, for instance, at the 
Whirlpool, the continuity of the bank is interrupted by a deep 
ravine, filled with gravel and sand. This ravine can be traced to 
Lake Ontario, four miles west of the present mouth of the gorge, 
and must have been the bed of the river formerly ; for the water 
must have flowed in the lowest channel. When the continent 
was under water, this ravine became filled with drift materials so 
much that the river was forced to seek a new route, and since 
then has worn away the ^^%^ between Queen«town and the Falls. 

In Stratton, Vermont, there is a large pot hole upon the sunmiit level be- 
tween the waters of the Deerfield and Connecticut riversy say 1,600 feet 
above the latter. It is so situated as to make it necessary to suppose the ex- 
istence of a current to the north, and there is no stream in the neighborhood 
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eqfficieiitlj lai^ to have excaTated it As t^re is a vaDey extending from 
Stratton to Canada^ with a general Dortherly descent, it is not improbable 
that there may have been, in Mesozoic or Palaeozoic periods, a river from 
soothem Vermont east of the Green Mountains to the St Lawrence, although 
several streams now cross this valley tnmsversely. 

Frozen Deposits of Modified Drifts (Frozen WeHs^) and Ice Caverns. — In 
Brandon, Vermont, in November, 1868, a well was dug through layers of 
gravel and marly clay, to the depth of thirty-five feet Alter reachmg a 
d^th of about fixirteen feet, a fix>zen mass of the same matmals was passed 
through, from twelve to fifteen feet thick ; then a few feet .of unfrozen gravel, 
TK^iea water was reached. Dming the winter the water was frozen over quite 
hard^ and for most of the summer ice lined the stones of the well several indies 
thicl^ and the temperature of the water never rose more than 2*" or 3"* above 
the freezing point In the winter of 1859-60, the ice which in September 
had disappeared, retqmed. 

In Owegp, New Yor^ a dmilar well was dug many years ago, in loose 
soil, seventy-seven feet deep, which for four or five months in the year was so 
frozen as to be uselesa Another was dug in Ware, Massachusetts, in 1858, 
in gravel, thirty-five feet deep, which fix^ over the foUowmg winter, Aa- 
other is described in Lyman, New Hampshire. 

On the eastern continent, in the Alps, the JurS) and the Ural Mountams^ 
are numercms eavems in jbhe rocks^ where ice forms in the summer, especially, 
often in such quantity as to be an artide of commerce. In fdl these cases^ 
the caverns have two openings, one at the top the other at the bottom, later- 
ally. This causes a current of air downward in the summer, and upward in 
the winter. This current evaporates the water upon the sides and floor of 
the cavern, and thus produces the cold; since evaporation takes up into a 
lat^it state nearly lOOO"" of heat In the winter the evaporation is less, and 
tlie congelatk)o less;. On this prindple, at Monte Testaceo, in Rome, (which 
is a hiU 300 feet high, made up of broken potteryX excavations are made 
laterally, connected with diimneys, and thus fine ice houses are formed. 

Now, in tiie case of frozen wells, it seems as if there must be some such 
circulation of ^r as in these ice caverns ; and why must there not be through 
the beds of quite clean gravel that occur in the wells, and which sometimes, 
as at Brandon, we can see cropping out at the sur&ce ? The interstices must 
be filled with air, and at different temperatures this must have motion, even 
though slow. This would carry off the heat that rises from the earth's inte- 
rior, wliile the beds of day near the surface would prevent the external heat 
from peoetrathig £»r. Thus masses of gravel, frozen during ^e drift period, 
may have been preserved to our day, and form a nudeus to which more frost 
might be added at certain seasons of the years. Such an hypothesis is not 
without difficulties \ but the case of the ice caverns gives it some plauobility. 
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The oi%iii of drift has long been discussed by geologists. It 
-was ft>nnerly thought to have been the result of the deluge of Noah. 
Bat this view is now wholly abandoned by geologists, because the 
remains of man and associated animals living before the flood are 
not found in it, and because the agency of water, and the brevity 
d the time involved, are inadequate to explain it There are 

7* 
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three theories proposed to explain these phenomena, which we will^ 
state briefly, and endeavor to combine them into a fourth. 

The Iceberg I%eory, — ^This theory imputes most of the pho* 
nomena of drift to icebergs carried southerly by the currents of the 
ocean, while the continents where drift occurs were yet beneath 
the ocean. As they were gradually raised from the deep, the 
mountains, which would form islands, would send down glaciers 
to their shores, and thus masses of ice would be broken off to bo 
floated away, loaded with detritus. As the icebergs melted, the 
detritus would fall to the bottom, and under various circumstances 
would form all the deposits of unmodified drift. By the strand- 
ing of icebergs, the moraine terraces, ridges, escars and osars would 
be formed. After the ocean had retired, large bodies of water 
would remain in many places, and bj gradual drainage produce 
the beaches, terraces, sea bottoms, etc. 

Theory of Elevations and Earthquake Waves — ^This theory 
supposes the phenomena of drift to have resulted from the rise 
of large areas beneath the Arctic and Antarctic oceans, where- 
by their waters have been driven southward over a consider- 
able part of Europe and America, bearing along masses of ice 
loaded with detritus. And further, that there may have been 
a succession of vertical movements, which produced success 
sive waves ; so that the waters may have repeatedly fallen and 
risen again, and while at their ebb they may have been frozen to 
the sur^ce, so that as they subsequently rose, vast masses of ice 
may have been driven along, loaded with detritus, which may have 
been forced up declivities considerably steep, and thus the surface 
have been powerfully and rapidly abraded, and the rocks scoured 
and furrowed. This theory, somewhat modified, has been sus- 
tained with great ability by Professors H. D. and W. B, Rogers. 

The Glacier Theory, — This theory supposes that at the close 
of the tertiary period there was a sudden reduction of the tem- 
perature of the surface of the earth, whereby all organic life was 
destroyed ; and in high latitudes, at least, glaciers were formed on 
mountains of moderate altitude ; indeed, that vast sheets of ice 
were spread over almost the entire surface, extending south as 
far as the phenomena of drift have been observed. The northern 
regions, especially aronnd the poles, are supposed to have formed 
one vest Mer de Glace, which sent out its enormous glaciers in a 
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southerly direction by the force of expansion ; and the advance 
and retreat of these glaciers accumulated the moraines and pro- 
duced the strisd and embossed appearance (rochea mouUmnees) 
upon the rocks. In Europe the centre of origin was in Scandin- 
avia, whence the glaciers proceeded outward in all directions. In 
North America this sheet must have been 5,000 feet thick ; and 
ty vicissitudes of climate, irregular retreats and advances of the 
glacial sheet would produce the markings not coinciding with the 
first set When the temperature was raised, the melting of the 
immense sheet of ice produced vast currents of water, which would 
lift up and bear along huge icebergs loaded with detritus, and thus 
scatter bowlders over wide surfaces. 

Some advocates of this theory suppose that the continents were 
elevated several thousand feet higher than at present, thus reduc- 
ing the temperature, and that all the phenomena of drift may be 
explained by glaciers radiating from the summits, like those now 
existing in the Alps. 

Modified drift, by this theory, is produced by the blocking up 
of gorges by moraines, thus forming lakes and ponds, in which 
clay and sand might have been deposited, and afterwards the 
barriers of these lakes, consisting of loose matter, may have been 
cut through, and the waters gradually drained off, forming beaches 
and terraces. 

And it is also held that, subsequently to the glacial period, the 
ocean rose upon the land 500 feet, when the Champlain clays 
were deposited. Thus this theory supposes an elevation of the 
continent, then a depression below its present level, and subsequent 
return to its present height The elevations are supposed to have 
been paroxysmal. 

'Hns theory was first soggested by Venetz, a Swiss engineer; then advo- 
cated by Charpentier ; and more recently brought out in its fiiU proportions 
by Agassiz,. in his Etudes sur les Glaciers. 

General objection. — ^Against all the preceding theories of drift 
there lies one general objection. While each one explains some 
of the phenomena satisfactorily, it leaves others unexplained. They 
afe true causes, but they are not singly sufiScient. By combining 
all these theories, as &r as possible, we may find a satisfactory 
theory, both for drift and modified drift, fixMn the close of the ter« 
tiary period to the present moment. 
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FOURTH THEOSY OP SURFACE GBOLOGT, 

General Statement — Since the tertiary period, those countries 
iNrhere drift and terraces exist have been depressed in a great 
measure beneath the ocean ; the United States from 2,000 to 
3,000 feet, England 2,300 feet, Scotland from 1,000 to 1,200 feet, 
and Switzeriand from 2,600 to 3,000 feet. Subsequently they have 
been slowly elevated to their present levels, and drainage has gone 
on from their entire surfaces. 

Drift is mainly the result of these four agencies — glaciers, ice- 
bergs, waves of translation, and landslips — acting upon the surface 
while it was sinking beneath, and rising above the ocean. The 
forms of modified drift were produced by the same agencies with 
the addition of rivers. From the close of the tertiary period to 
the present time, these operations have formed an uninterrupted 
series. We will now present a particular statement of the con- 
dition of this continent at the several divisions of this period. 

The Drift Period. — Near the close of the tertiary period there 
commenced, we suppose, a reduction of the general temperature 
from the sinking of the land. "When suflSciently depressed it 
would bring oceanic currents from the polar towards the tropical 
regions. If North America was now submerged, east of the 
Rocky Mountains, a current from the northwest would flow over 
it ; and if South America was submerged, east of the Cordilleras, 
a current would flow over it from the southwest. 

In connection with this gradual submergence, taking North 
America and the west part of Europe as an example, two causes 
would operate to reduce the temperature : 1. The Gulf Stream 
(the present cause of the higher temperature of Europe than the 
United States, and of the Atlantic coast above the interior) would 
be diverted from its present course, and pass along the eastern 
base of the Rocky Mountains into the northern ocean, and thence 
perhaps along the coast of Asia. 2. The current from the Arctic 
regions would be loaded with icebergs, which would be stranded 
along the shores, and so reduce the temperature that probably the 
summer could not melt away the ice ; and the sea, like that around 
the poles, might be choked with ice as far south as we now find drift. 

As a consequence of this access of cold, while the land was sinking glaciers 
would form on mountains comparatively low, and where they do not now 
exist. These would reach to the sea, as they now do, in Arctic regions. 

The enormous icebergs that would be moved southerly in such circum- 
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stances would grate powerfully upon the bottom 6f the sea, smoothing and 
striating the rocks, and especially projecting ledges, upon their nortliem sides, 
producing effects which could be distinguished aifterwards only with difficulty 
Irom those of glaciers, except in the vast extent of country acted upon. 

The most reasonable theory of the transport of materials from . 
lower to higher levels is, that as the land sunk, the stranded ice 
would be lifted higher and higher along the shores, and finally be 
urged upon and over hills and mountains, carrying detritus along 
with it. Much of the work of smoothing and scouring down the 
ledges and accumulating the coarse drift was performed while the 
continents were sinking. 

"When the land had sunk 6,000 feet, aU the mountains east of 
the Rocky mountains were submerged, except Mt, Washington, 
and a few peaks in North Carolina. The glaciers now would 
be covered up, and the icebergs be the only agency at work. 
Scarcely any form of life could exist among these icebergs, and 
only the hardier species when a greater extent of land had risen 
above the waters. 

The land at length began slowly to emerge, and it seems to 
have been raised as a whole ; that is, the whole mass was lifted 
together, so as not to disturb the relative levels of the surface, 
just as we know the continent of South America has been raised 
some 1,400 feet, without disturbing the strata horizontally, or 
producing the smallest fault or curvature. 

As the land rose the water would, to some extent, and in par- 
ticular places, sort and deposit the detritus worn off. And hence 
we can account for that mixture of mere mechanical accumula- 
tions and aqueous deposits, of .which the drift is composed. Es- 
pecially does it explain why, as we approach the outer (mostly 
southern) limits of the drift, we find the deposit more and more 
stratified, and the evidence of glacial action gradually disappearing. 

By this submergence and emergence, every foot of surface must 
have been exposed to the long-continued action of waves, tides, 
and currents laden with ice ; and, consequently, a great amount 
of detritus must have been broken off. 

When the continent was partially submerged, at both the periods of its rise 
and fall, it is conceivable that large vallejrs deviating from the usual direction 
of the currents might incidentally become filled up with ice ; and though 
only a part of the whole force could have acted upon those bergs, according 
to the laws of the resolution of forces, yet it would be sufficient to produce 
all the effects <^ <»dinary drift in an uirasual directi(»[L In ^lis case the drift 
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may be said to have been deflected from its usual course by valleys. B«i 
this will not explain the three general directioDS of drift, to the southwest^ 
to the soutii, and to the soatheast, in New England. These, with all the 
minor intermediate variations, must have been produced by variations in tho 
direction of the principal current at different altitudes of the continent 

The Beach and Sea Bottom Period. — ^When the land had risen 
to the level of the highest ancient sea-beach — about 2,600 feet in 
North America — ^the higher mountains would appear as islands. 
Oceanic agencies would act upon these, especially in working over 
and rearranging in sheltered spots the angular and crushed frag- 
ments of the unmodified drift. These would be sea-beaches : at 
first very limited, because the surfiEice acted upon was small, and 
no streams of much size could exist to aid in the work. Every 
hundred feet of additional elevation would add to the number and 
perfection of the beaches. 

The irregular accumulations described as Moraine Terraces were 
formed at this period. K masses of ice were stranded ag^nst the 
sides of hills, and deposits of sand and gravel were mixed with or 
piled upon them, when the ice melted elevations and depressions 
of this character would result 

The ancient subaqueous ridges might be formed along the shores 
of the ancient ocean, just as they are now produced in lakes and 
seas. Osars might also be formed by the currents sweeping de- 
tritus into the rear of obstructions, either of rock or ice, and es* 
cars along the eddies. Sea bottoms were deposited at the same 
time with the beaches. 

Some writers have objected to the theory, that the drift, beaches, and ter- 
races, were produced in connection with oceanic agencies, because no or- 
ganic remains are found in them. We reply : 1. In unmodified drift in this 
country, the dimate may have been so severe as to prevent the existence 
of such animals as would have left behind traces of their being. Undoubtedly 
they existed at that time in other parts of the world, beyond the limits of the 
cold. 2. In the unmodified drift of England and Scotland, broken and com- 
minuted marine shells have been found as high as 2,300 feet above the ocean, the 
upper limit of the deposit No one doubts the former presence of the ocean " 
there; but this feet has been only recently discovered. In this country 
broken marine shells have been found 100 feet above the ocean in unmodified 
drift, and uninjured specimens more than 600 feet above the ocean in modified 
drift;. It may be that these remains will yet be found in the whole of the 
unmodified drift, when more thorough explorations shall have been made. 
3. Pelagks shells, or such as live in very deep water, have been found at the 
height of 400 feet in Canada. Hence the ocean must have been neariy a 
thousand feet deep in the latter part of the drift period. 4. This deposit of 
pelagic shells lies immediately upon the bowlder clay. Now, had ttiis day 
been produced by a glader, and not by the ocean, the country must have 
sunk at least 3,000 feet between the deposition of the bowlder day and tho 
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ba&k of 8&el]& "We Aould then expect to find stratified layere between 
them, iDecause in so great a period of time materials must have accumulated 
there. Besides, how much simpler it is to suppose one 83r8tem of rise and 
&fi of the continent, than to suppose two such sjrstems of oscillation, as the 
objectors must maintain. 

5. The beaches and terraces lie upon the unmodified drift, even in many 
gorges where one would suppose a barrier might have existed. Hence all 
the lower forms of modified drift must have been formed in estuaries of the 
ocean, for no ridge existed to dam up the waters. No one doubts that a 
beach or terrace a few feet above the level of the ocean was originally 
formed by its waters. Now, from the lowest to the higliest beach there is a 
ccmtinuous series, like a succession of steps. If the first is formed by the 
ooean, the second must be ; likewise the third, and so on to the highest 

Let us look at this point in another light. As beaches are stratified, the 
materials must have been deposited fix)m water. Now, when we find upon 
the mde of a higli mountain a stratified bank of sand and gravel, we know 
that some body of water must have existed there. But the land slopes from 
this bank to the ocean, therefore the water in which these materials accumu- 
lated nmst have been oceanic. There is no barrier which could have existed, 
high enough to have separated this body of water from the ocean. With 
audi proof before us, we can not hesitate to believe that all those deposits 
espied ancient sea beaches must once have formed the margin of the ocean, 
although there are no marine remains in them. 

Fig. 114 represents beaches thus situated upon mountains, a, represents 
a b€^h on the east side of Mount Washington, (AX b one at Franoonia 
Notch, the highest yet discovered in New England, e represents another 
beach in Hancock, Termont, on the west side of the Green Mountams, (B), 

Fig. 114. 
A 




Ideal Section of yew England. 
C shows the level of Lake Ghamplain. The line 1, 1, shows the level of the 
ocean when only the top of Mount Washington peered above the waters; 
2, 2, represents the ocean level at the beginning of the Beach Period ; and 
3, 3, represents the same level at the beginning of the Terrace Period ; 4. 4, 
represents its present level, m the Historic Period, and the base of the figure' 
shows the level of the ocean in the Drift Period, according to the Glacial theory. 

THB TBBBACB PBBIOD. 

The country has now risen so much that the great valleys are 
seen in outline. Rivers of considerable size and length begin to 
carry into the estuaries a large amount of water worn materials, 
derived ftom the washing of the drift and the beaches, and form- 
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ing small deltas beneath the Sur&ce at their months. Tides and 
currents would sweep this along the coast, and after a time the 
tops of the deposits would be brought above the surface, and no 
more materials could be deposited upon them by rivers ; heiice these 
must push their detritus further into the ocean, and thus a new 
submarine bank would form outside of the first, and at a lower 
level. When the second had reached the surface of the water, it 
would be lower than the first, because the land had been rising dur- 
ing the process of its production. In the same way a third and a 
fourth bank will form in succession, and thus there is a series of 
terraces presented to view. These are delta terraces, and it is not 
essential that they should have been formed under the ocean, but 
wherever one stream flows into another. 

The streams emptying into these estuaries would produce a 
current toward the ocean, which would spread the detritus along 
the shores in the same direction, and produce the lateral terraces, 
having a slope at least as great as that of the current. In order 
to form successive lateral terraces, it is only necessary to suppose 
the drainage and erosion to go on till the rivers have sunk to their 
present beds, which could not take place till the continent had 
risen above the ocean to its present height, or the water had sunk. 

There is another mode in which lateral terraces might have been formed, 
and are now forming; where a stream must cut its waj through alluvial ma- 
terials. The mere erosion would form terraces of equal height along the 
stream ; or all the detritus on one side might be swept away by the stream, 
80 as to leave a terrace only on the other side. But after a channel has thus 
been made to some depth, if a freshet occurs, the current will act power- 
fhlly upon one or the other of the banks, and sweeplng.them away will form 
a meadow when the flood has subsided. In subsequent floods, this meadow 
will receive fresh accessions of alluvial matter, and of course be somewhat 
raised up. Meanwhile the river is cutting a deeper and deeper channel, so that 
at length it can no longer rise high enough in floods to spread over the meadow, 
which has now become a second terrace, because the sinking of the stream 
by erosion would prevent the meadow from ever rising as high as the original 
. bank. Being no longer able to overflow the meadow, it begins again, in time 
of freshet, to wear away the bank, and to form a second and lower meadow, 
which ultimately becomes, as above described, a third terrace^ and thus may 
the work go on and the number of terraces be increased, as long as the river 
can deepen its channel. 

Gorge terraces connect difibrent basins together, being situated about gorges. 
The current transporting materials toward a gorge would have its compass 
diminished by the narrowing of the basin, so much as to caQse a depostdon 
of the materials near the gorge. However small these accumulations maybe 
at first, in process of time, they might become even greater than an ordinary 
terrace. But the same current which transported the detritus to the uppwr 
part of the goi^ may have its velocity gr^fttly increased in paanng tbioa^ 
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the narrow channel This would remore much sediment, which would he 
redeposited at the lower end of the gorge, where the velocity of the current 
is diminished by contact with the placid waters of the lower basin. This 
process in many cases would go on only in times of freshets. 

The Glacis terraces may have been formed by the unequal deposition of 
. detritus over the surface. Sometimes they are mere modiUcatioiis of lateral 
terraces, or undulations in large meadows. 

We see then that by the simple drainage of a conntry, including 
its rivers, terraces might be formed along the shores of the ocean, 
lakes and the banks of rivers, supposing only a general slow and 
perfectly uniform rise of the land or depression of the ocean. 
Almost all writers, however, suppose these vertical movements to 
have been by starts, with intervening pauses. At an earlier date, 
the prevailing theory was, that the terraces were produced by the 
bursting away of the barriers of lakes, and the sudden sinking of 
the waters. These are quite natural suppositions to explain the 
stair-like aspect of terraces. But in respect to river terraces, we 
bave the following decided proof that no such paroxysmal rising 
or sinking has produced them. 1. By such theories the terraces 
ought to correspond in number and height on opposite sides of the 
river, which is very rarely the case, although to the eye it may 
frequently seem so. Neither do they correspond in number or 
beight in different parts of large lakes. 2. Where tributary 
streams have cut through the lateral terraces of the principal 
river, as they have often done near their mouths, the number and 
height of the terraces on both streams ought to agree. But the 
reverse is true. Thus, on Connecticut river the number of terraces 
is usually three or four ; but on some of its tributaries, as on the 
Ashuelot river, at Hinsdale, and Whetstone Brook, in Brattle- 
boro, the number rises as high as ten, and yet the uppermost is 
no higher than the highest on the main river. 

We can, then, explain the formation of terraces without sup- 
posing the continent . to have risen by a series of paroxysmal 
movements. They might have been produced by mere drainage, 
with a slow and equable movement. Yet we would not deny the 
phenomena of the bursting of barriers, or of sudden elevation at 
particular localities. For example, the- sudden rushing of the 
waters of Runaway Pond to Lake Memphremagog, by the bursting 
of the barrier, left behind two lateral terraces. And some have 
explained the Parallel Roads of Lochaber, in Scotland, by pauses 
in the rise of the country. Doubtless, also, there are other cases 
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where terraces have been formed by sadden elevation. But if 
river terraces have generally been formed without paroxysmid 
movements, as they must have been, and if terraces on lakes and 
the ocean may have been produced in some cases by the drainage 
of the country (as was the case upon Lake Lungem, in Switzer- 
land, by artificial drainage), it is reasonable to suppose that such 
may have been their usual origin. 

THE HISTORIC PERIOD. 

We are now brought to the period when the country had at- 
tained essentially its present altitude. All the agencies that pro- 
duced drift, viz., icebergs, glaciers, land-slips and waves of trans- 
lation, are still in operation in some parts of the world, and 
therefore drift is still being produced. Ever since the tertiaiy 
period these causes have been acting, but their intensity has varied 
in different ages. 

The same is true of the agencies that have produced beaches, 
osars, escars, subaqueous ridges and terraces, viz., the action of 
rivers and the ocean, combined with the secular elevation of con- 
tinents. In other words, the agencies producing drift and modi- 
fied drift have run parallel to each other from the very first 
Hence they both are varieties of the same formation, extending 
from the close of the tertiary period to the present. 

The sections describing aqueous, igneous and organic agencies 
contain the history of this period in detail. The Flora and Fauna 
are those now existing. 

Man has existed on the earth a comparatively short part of the 
alluvial period. We have a few records of the commencement 
of this period. There are many examples of river beds on a for- 
mer continent, which became so filled by drift and modified drift, 
while the continent was beneath the ocean, that when it emerged, 
the rivers were compelled to abandon the old beds and seek new 
channels. And the amount of erosion effected by them since that 
time is before our eyes. The gorge through which the present 
Niagara river runs, between the Falls and Lake Ontario, seven 
miles long, is one of these cases. Another case of similar erosion 
is the Genessee river between Portage and Mount Morris ; where 
it has cut a channel deeper, in most places, than that of the 
Niagara, some fourteen miles long. There are other examples in 



AOBKOT OF MAN. 163 

Kew England, where the erosions are not as long and deep, but 
the rock is much harder, and may have required a longer time for 
^eiT exeavatio'h. And what shall we say of the cafions on Red 
River and the Colorado, a mile deep ! Such focts indicate great 
antiquity to the latter part of the alluvial period only. What 
then must have been the duration of the unmodified drift period, 
and all the great systems of earlier date ! 

During the historic period numerous organic agencies have been producing 
geological changes, which we will now consider. 

AGENCY OF MAN IN PRODUCING GEOLOGICAL CHANGES. 

The human race produce geological changes in several modes : 
1, By the destruction of vast nurobera of animals and plants to 
make room for themselves. 2. By aiding in the wide distribution 
of many animals and plants that accompany man in his migra- 
tions, 3. By destroying the equilibrium between conflicting 
species of animals and plants ; and thus enabling some species to 
predominate at the expense of others. 4. By altering the climate 
of large countries by means of cultivation. 6. By resisting the 
encroachments of rivers and the ocean. 6. By helping to de- 
grade the higher parts of the earth's surface. 7. By contributing 
peculiar fossil relics to the alluvial depositions now going on, on 
the land and in the sea ; such as the skeletons of his own frame, 
the various productions of his art, numerous gold and silver coins, 
jewelry, cannon balls, etc., that sink to the bottom of the ocean 
in shipwrecks, or become otherwise entombed. 

The best known examples of the entire extinction of the larger animals 
coeval with man, and probably through his agency, are the following : 1. The 
<fodo, a bird larger than the turkey, which existed m Mauritius and the adja- 
cent islands when they were colonized by the Dutch, 200 years ago ; but it 
is no longer to be found ; and even all the stuffed specimens that were brought 
to Europe are lost ; so that a head and a foot of one individual in the Ash- 
molean museum, at Oxford, and the leg of another in the British museum, 
are all that remains of it, except some fossil bones lately found in the Isle of 
France. 2. The Notomis and Apteryx austrdHs^ of New Zealand, appear lo 
be on the point of extinction, if not actually extinct. 3- The eleven species 
of Dinomis formerly inhabiting New Zealand. 4. The JEpiornis maximus^ a 
still larger bird, whose bones are found in Madagascar. 5. The Cheat Auk^ 
(Alca impcnnis\ of northern regions, " existed in the last century ; no speci- 
men has been obtained within the present." (Oji;^.) 6. The large Sirenian 
animal, like the Manatee, called Stelleria, which formerly inhabited the shores 
of Siberia is now believed to be extinct. 

In particular countries it is a more common occurrence for species to be- 
come extinct, as the beaver, wol^ and bear in England. In this country the 
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aDimals of the forest are disappearing or moving westward as die jfbrests are 
clearing up. Since the di8Covei7 of the island of South Georgia, 177 1, one million 
two hundred thousand seal skins have been annually taken fh>m thence ; and 
nearly as many more finom the Idand of Desolation. The animal is becoming 
extinct at these islands. Some have maintained that the climate of Europe 
is very much warmer than in the times of the Roman Emperors, and have 
supposed that the extinction of animals is caused by this change. 



FORMATION OF COBAL BEEFS OB ISLANDS. 

Coral reefs are ridges of calcareous rock, whose basis is coral, 
(chiefly of the genera Pontes, Astrsea, Madrepora, Meandrina, and 
Caryophyllia), and whose interstices and surface are covered by 
broken fragments of the same, with broken shells and echini, and 
sand, all cemented together by calcareous matter. They are 
built up by the polypi, apparently on the tops of submarine 
ridges, and sometimes perhaps, though not generally, on the mar- 
gins of ancient volcanic craters, beneath the ocean, not generally 
from a depth greater than twenty-five or thirty feet, yet sometimes 
120 or 130 feet The polypi continue to build until tlie ndge 
gets to the surface of the sea at low water ; after which the sea 
washes upon it fragments of coral, drift wood, etc., and a soil 
gradually accumulates, which is at length occupied by animals 
with man at their head. The reefs are sometimes arranged in a 
circular manner, with a lagoon in the centre, where, in water, a 
few &thoms deep, grow an abundance of delicate ^)eeies c^ corals, 
and other marine animals, whose beautiful forms and colors rival 
the richest flower garden. VolcaDic agency often lifts the reef 
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far above tlie waters and sometimes covers one reef with lava, 
-which in its turn is covered with another formation of coral. The 
growth of coral structures is so extremely slow that centuries are 
required to produce any important progress. The rate of increase 
is about half an inch per annum. 

The diameter of the circular reefs has b^en found to vary from less 
than one to thirty miles. On the outside, the reef is usually very 
precipitous, and the water often of un&thomable depth. Fig. 115 
is a view of one of these circular islands in the South Seas, called 
"Whitsunday Isle ; so fer reclaimed from the waters as to be cov- 
ered with cocoantit trees and with some human dwellings. Fig. 
116 repreisents another of the coral islands in the Pacific Ocean« 
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Tiewof ths Island qfSdabda. 

These islets occur abandantly in the Pacific Ocean, between the thirtieth 
paraUels of latitude. They abound also in the Indian Ocean, in the Arabian 
and Persian Gulfi, in the "West Indies, etc. Usually they are scattered in 
a linear manner over a great extent. Thus, on the eastern coast of New 
Holland, is a reef 350 miles long. Disappointment Islands and Dufifs Group 
are connected by 500 miles of coral reefs, over which the natives can travel 
fix>m one island to another. Between New Holland and New Guinea is a line of 
ree& 700 mUes long, interrupted in no place by channels more than thirty miles 
wide. A chain of coral islets, 480 geogniphical miles long, has long been 
known by tlie name of the Maldivas. Some groups in the Pacific, as the 
Dangerous Archipelago, are firom 1,100 to 1,200 miles long, and from 300 to 
400 mfles broad. 

Deposits of the Skeletons oflnfusoriay and Microscopic Plants,—' 
It is surprising that skeletons of animals and plants, made of 
silica and iron, requiring thousands of millions to form a single 
cubic inch, should yet form deposits of considerable extent. At 
E^ea, in Bohemia, there is a stratum two miles long and twenty- 
eight feet in thickness, mostly composed of shells of infusoria. 
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At Bilin, in Bohemia, is a similar stratum, fourteen feet thicl^ 
every cubic inch of which contains 41,000,000,000 skeletons oi 
Oailleonella distanSy now generally regarded as a microscopic 
plant. The city of Richmond, Virginia, stands upoh a stratum 
of infusorial earth twenty feet thick, as described by Professor W. 
B. Rogers. There is scarcely a town in New England which doe* 
not contain extensive deposits of analogous character. 

Formation of Soils, — ^Animal and vegetable substances, when 
buried in the earth, or the waters, sometimes undergo an almost 
entire decomposition ; at other times, this is very partial ; and 
sometimes the change is so slow that for years scarcely no appa- 
rent progress is made. Different substances will be the result of 
these different degrees of decomposition. 

Berzelius embraces all the organic matter of soils in the generic 
term humus. In some places, as on the western prairies, these 
organic matters of soils increase so as to form a layer sevel'al feet 
ihiA ; but in general they are so much used in the nourishment 
of j^nts, that they rarely become more than a few inches thick. 

PSAT. 

Peat usually consists of soluble and insoluble humus, with a 
mixture of undecomposed vegetable matter and some earths. Most 
of it results from the decomposition of certain mosses, especially 
of the genus Sphagnum^ which decay at their lower extremity, 
while the top continues to flourish with vigor. Trees and what^ 
ever other organic matter happen to get into these peat bogs, soon 
become enveloped and assist to swell the amount In some in* . 
stances the beds have acquired a thickness of more than forty- 
feet. 

In tropical dimates, except on high lands, the decomposition of vegetable 
matter is so rapid that it is resolved into its ultimate elements before peat * 
can be produced. Hence peat is limited chiefly to the colder parts of fee* 
globe. In Ireland, the peat bogs are said to occupy one-tenth of the surfiuje, 
and one of them, on the Shannon, is fifty miles long, and two or three broad. 
In Massachusetts, exclusive of the four western counties, the amount of peat 
has been estimated at not less than 120 millions of cords ; and probably this 
fidls far short of the actual amount 

By the long-continued action of water and other agents, the 
humus of peat is changed into bitumen and ciu'bon, which constW 
tute lignite and bituminous coat In a few instances the process 
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ef bitamiDization has been found considerably advanced in the 
bedaof peat 

Peat bogs are remarkable for their antiseptic power, or the power of pre- 
serving animal substances from putre&cticm ; some remarkable cases of which 
are on record. 

Peat bogs sometimes burst their barriers in consequence of heavy rains, 
and produce extensive inundations of black mud. 

The increase of peat varies so much under different circumstances, that it 
is of no use to attempt to ascertain its rate of growth. On the continent of 
Surope, it is stated to have gained seven feet in thirty years. 

Where peat is formed in, or transported into estuaries, it is sometimes cov* 
^red with a deposit of mud ; over this another layer of peat forms, and in 
"feis way several alternations may occur. 

In some peat bogs large trees have been found standing where they origin* 
ally grew, yet immersed to the depth of twenty feet, as in the Isle of Mao. 

DRIFT WOOD. 

Large rivers, which pass through vast forests, carry down im^ 
mense quantities of timber. When these rivers overflow their 
banks, thj^ timber is in part deposited upon the low grounds. But 
much of it also collects in the eddies along the shores, or is car- 
ried into the ocean. After a time it becomes water-logged, that 
is, saturated with water, and sinks to the bottom. Thus a deposit 
of entangled wood is often formed over large areas. This is sub- 
sequently covered by mud ; and then another layer of wood is 
brought over the mud ; so that, in the course of ages, several al- 
ternations of wood and soil are accumulated. The wood becomes 
slowly changed into what Dr. Macculloch terms forest peat ; that 
iSj peat which retains its woody fiber. 

!the Mississippi furnishes the most remarkable example known of these ac- 
cumulations. In consequence of some obstruction in the arm of the river 
called the Atcha&laya, supposed to have been formerly the bed of the Red 
liver, a raft had accumulated in thirty-five years, which in 1816 was ten miles 
long, 220 yards wide, and eight feet thick. Although floating, it is covered 
with living plants, and of course with soil Similar rafts occur on the Red 
river; and one on the Washita concealed the surface for seventeen leagues. 
Mttie mouth of the Mississippi, also, numerous alternations of drift wood and 
mud exist, extending over hundreds of square leagues. 

Similar deposits of wood and mud are found in the river Mackenzie, which 
empties into the North Sea, and in the lakes through which it passes. At the 
mouth of the river, whic^ is fdmost beyond the region of vegetation, are ex- 
tensive deposits brought from the more southern region through which the 
river passes. 

A part of the drift wood which is brought down the Mississippi and other 
rivers, along the coast of Americ£^ is earned northward by the Gulf Stream 
and thrown upon the coasts of Greenland. The same thing happens in the 
bays of Sjotzbergea aad on the coasts of Siberia. 
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In the history of common peat and drift wood, we see the origin 
of the beds of coal which exist in the older strata ; for it needs 
only that the layers of peat (in which terra we include submerged 
drift wood) should be bituminized, and the intervening layers of 
sand and mud be consolidated, in order to produce a genuine coal 
formation. Common marsh peat alone can have originated bat 
a small part of the beds of coaL 

CONSOLIDATION OF LOOSE HATEBIALS. 

Having described a variety of natural processes by which just 
such materials as form the fossiliferous rocks are produced, it 
remains to inquire whether any agents are now in operation to 
effect their consolidation. 

A considerable degree of solidiiy is sometimes produced by 
mere desiccation. 

When clay is exposed for a long time to the son, it becomes as hard ai 
some rocks: — ex, gr^ the marly clay dug from the bottom of Lake Superior. 
Some rocks, when dug from a consideralde depth in the earth, in so toft a 
state as to be readily cut with a knife, become very hard on exposure to the 
atmosphere. 

Carbonate of lime, conveyed in a state of solution among the 
loose particles of gravel, sand, clay, or mud, and there precipitated^ 
becomes a very efficient agent of consolidation. 

Examples. — 1. On. the shores of the Bermuda and West India Islands, ex- 
tensive accumulations of broken shells, corals, and sand, are formed upon 
the shores by the waves; and these are subsequently consolidated, frequently 
into very hard rock, by the infiltration of the water which contains caii>onate 
of lime in solution. The famous Guadaloupe rock, in which human skele- 
tons, along with pottery, stone arrow heads, and wooden ornaments, are 
found, is of the same kind. 2. The Mediterranean delta of the Rhone is 
ascertained to be, in a good measure, soUd rock, produced by the numerous 
springs that empty into it, that contain carbonate of lime in solution. The 
same is true of other rivers on the Mediterranean, especially on the east coas^ 
where the ancient Sidon, formerly on the coast, is now two miles inland. 3. In 
Pownal, Yt., coarse gravel is cemented by carbonate of lime. 4. The ih^- 
ments of marble accumulating at the quarries, are sometimes, in the lapse of 
a few years, cemented together as firmly as marble, by streams of water pass- 
ing over them, saturated with carbonate of lime. An example is in West 
Stockbridge, Masa 

Another agent of consolidation is the red or peroxide of iron, 
or rather the carbonate of iron, since the peroxide is not soluble 
in water without carbonic acid. 

ExAKPLES. — 1. On the northern coast of Cornwall, England, large masses 
of drifted sand have been cemented by Iron into rocks, solid enough some. 
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times to be employed for building stones. 2. A similar case occurs on the 
coast of Karamania, and other parts of Asia Minor. 3. In the United States 
it is common to find the sand and gravel of the drift and tertiary strata more 
or less consolidated by the hydrated peroxide of iron. 

• -SiKca dissolved in water appears to have been, in former times, 
an important agent in consolidating rocks ; but at the present day 
it seems to be limited chiefly to deposits from thermal waters, 
since it is only water in this condition that will dissolve silica in 
much quantity. 

Heat is an important agent in the consolidation of rocks, the 
most so when it produces complete fusion ; yet this is not neces- 
sary to the production of a good degree of solidification. 
. In many of the cases that have been described, great pressure 
assists in the work of consolidation. Indeed, it is sometimes suf- 
ficient of itself to bring the particles within the sphere of cohesive 
attraction. 

OBNE&AL tNTEBENCB. 

. From the facts detailed in this section, it appears that all the 
stratified fossiliferous rocks of any importance may have resulted 
from causes now in operation. 

Proof and Examples. — 1. Beds of clay need only to be consolidated to 
become elay state, or shi^e. 2. The same is true of fine mud. 3. Sand, 
consolidated by carbonate of lime, will produce calcareous sandstone ; by 
iron, ferruginous sandstone. 4 Drift, in like manner, wUl form conglomerates 
of every age, accoAling to variations in the agents of consolidation. 5. Marls 
need only to be eonsolidated to form argillaceous limestones ; and if sand be 
mixed with marl, the limestone will be silicious. G. Coral reo& and deposits 
ei travertin, subjected to strong heat under pressure, will produce those sec- 
q&darj Hmestones that are more or less crystalline— but more of this under 
the sixth section. 7. We have ahready seen how beds of lignite and coal may 
be produced firom peat and drift wood. 8. The formation of such extensive 
beds of rock salt and gypsum as occur in the secondary and tertiary rocks is 
more difficult to- explain by any cause now in operation. And yet, in respect 
to the former, it is said ^at the lake of Indersk, twenty leagues in circum- 
ference, on the steppes of Siberia, has a crust of salt on its bottom more than 
sit inciies thick, hard as stone, and perfectly white. The lake of Penon 
Hanco, in Mexico, yearly dries up, and leaves a deposit of salt sufficient to 
supply the country., We have alo) described a somewhat similar case at the 
. lake of Ooroonaiah, in Persia. According to Dr. Daiibeny, thick beds of rock 
salt exist at the bottom of Lake Elton, and of several other laked adjoining 
the Caspian ^a* 

8 
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SECTION V. 

OPEEiJnOK 07 IGNSOUS AGBNCISS IN PBODUdNG GEOLOGICAL 

CHANGES. 

VoLCAHio action, in its widest sense, is the inflaence exerted hj " 
the heated interior of the earth upon its crust." Igneous agency 
has a still more extensive signification ; embracing all the action 
exerted by heat upon the globe, whether the source be internal or 
external. The history of the former will prepare us better to ap- 
preciate the influence of the latter. ^ 

Volcanic agency has been at work from the earliest periods of 
the world^s history ; producing all the forms and phenomena of 
the unstratifled rocks, from granite to the most recent lava. 
Modem volcanoes will first come under consideration. 

These are of two kinds, extinct and active. The former have 
not been in operation within the historic period ; the latter are 
constantly or intermittingly in action. 

A volcano is an opening in the earth from whence matter has 
been ejected by heat, in the form of lava, scoria, or ashes. Usually 
the opening called the crater is an inverted cone ; and around it 
there rises a mountain in the form of a cone, with its apex trun- 
cated, produced by the elevation of the earth's crust and the 
ejection of lava. The volcanic cones vary in height from 90 feet, 
as in the volcano of the Island of Eeguain, near Sumatra, to 
23,900 feet in Aconcagua, in Chile, llie lower volcanoes are 
usually the most active. 

When nothing but aqueous and corrosive vapors have been 
emitted from a volcanic elevation for centuries, such elevation is 
called a solfatara^ or fumerole. 

When volcanos exist beneath the sea, they are called Buh^ 
marine ; when upon the land, subaerial. 

As a general fact, volcanic vents are arranged in extensive lines 
or zones ; ofi;en reaching half around the globe. 

ExAifPLES^— •!. Perhaps the rooet remarkable line of vents is the long chain 
of islands commencing with Alaska on the coast of Russian Amenoa, whidi 
passes over the Aleutian IsleSy Kamtschatka, the Kurilian, Japanese, Philip- 
pine and Molnccan Isles, and then turning, includes Sumbawa, Java and 
Sumatra, and terminates at Bairen Island in the Bay of Bengal 2. Another 
almost equally extensive line commences at the southern eztremit7 of Sooth. 
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America^ and following the chain of the Andes, passes along the CordUleras 
of Mexico, thence into California^ and thence northward as far at least as 
Columbia -river ; which it crosses between the Pacific Ocean and the Rocky 
Mountains. 3. A volcanic region, ten degrees of latitude in breadth and 1,000 
miles long, extending from tiie Azore If^bemda to the Caspian Sea, abounds in 
v<^canoes, though very much scattered. The region around the Mediterranean 
is perhaps better known for volcanic agency than any other on the globe ; 
becaxise no eruption occurs there unnoticed. 

Toleaiioes not arranged in lines or zones are called central volcanoes, and 
are more or less insulated. Examples will be found in Iceland, the Sandwich 
Islands, Society Islands, Island of Bourbon, and a regicm in Central Asia of 
2,500 square geographical miles, from 800 to 1,200 miles from the ocean. 

The number of actiye volcanoes and solfataras on the globe, is 
estimated at 407, and the number of eruptions about twenty in a 
year, or 2,000 in a century ; though on both these points there 
is room for considerable uncertainty. 

The fi>Uowmg table wiU show how the active volcanoes and solfataras are 
distributed on the globe. 
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In the Mediterranean Sea 
In the Atlantic Ocean 
In the Indian Ocean 
In the Pacific Ocean 
Asiatic Continent 
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278 of these volcanoes, or more than two-thirds, are situated 
upon the islands of the sea ; and of the remainder, the greater 
part are situated upon the borders of the sea, or a little distance 
from the coast. Hence it is inferred that water acts an impor- 
tant part in volcanic phenomena ; indeed, it seems generally ad- 
mitted that the immediate cause of an eruption is the expansive 
force of steam and gases. It ought not to be forgotten, however, 
that some volcanoes are &r inland, as JoruUo, in Mexico, and the 
volcanoes in central Asia. 

Intermittent Volcanoes. — Only a few volcanoes are constantly 
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active ; in most cases their action is paroxysmal, and is sncceeded 
by longer or shorter intervals of repose. This interval varies from 
a few months to seventeen centuries. In the island of Ischia the 
latter period has been known to intervene between two eruptions 
Hence some of the volcanoes of America, generally regarded 
as extinct, (as Chimborazo, and Carguairazo in Quito, Tacoaa, M 
Peru, and Nevadp de Toluca, in Mexico), may yet break forth and 
show themselves to belong to the class of active volcanoes, 

PHENOMENA OP AN BBUPTIOK. 

A volcanic eruption is conmionljpreceeded by rumbling sounds 
in the earth, or earthquakes, in the vicinity ; stillness of the air, 
with a sense of oppression ; noises in the mountain ; and tlxe 
drying up of fountains. The eruption conmiences with a sudden 
explosion, followed by vast clouds of smoke and vapor, with flashes 
of lightning, jets of acids and mud, and showers of stones ; and 
at length by streams of red hot lava, which break out in irregular 
intermitting springs of molten earthy matter, and spread over the 
surrounding country. The eruption is terminated by showers of 
ashes. 

Volcanoes whose summits are far above the snow line, present 
many peculiar appearances ; a sudden melting of the snow indi- 
cates the approach of an eruption, even before smoke appears; 
and this rapid thawing of the acoumidated snows occasions de- 
structive floods and violent torrients, in which heaps of smoking 
ashes are floated away on thick blocks of. ice. . 

Probably the most remarkable eruption of modern times took place in 1815, 
in the island of Sumhawa, one of the Mcduooa group. It commenced on the 
6th of April, and did not entirely cease till July. The explosions were heartl 
in Sumatra, 970 geographical miles distant, in one dir^on, and fit Temate 
in the opposite direction, 720 miles distant So heavy wto the fall of ashes 
at the distance of forty miles, that houses were crudied and destroyed be- 
neath them. Toward Celebes, they were carried to the distanco of 2l7 
miles; and toward Java, 300 miles, so as to occaaon a darkness greater than 
that of the darkest night On the 12th of April, the floating cinders to the 
westward of Sumatra were two feet thick; and ships were forced through 
them with difficulty. I^arge tracts of country were covered by the lava; 
and out of 12,000 inhabitants on the island only tw6n1y*8ix survived. 

During the great eruption of the volcano of Cosiguina, in Gua- 
temala, on the shores of the Pacific, in 1835, ashes fell upon the 
island of Jamaica, 800 miles eastward ; and upon the deck of a 
vessel 1,200 miles westward. 
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The situation of Vesuvius and Etna has made their history bet- 
ter Iknown than tiiat of most volcanoes. More than eighty erup- 
tions of the latter are on record, since the days of Thucydides; 
and more than forty of the former, since the first century of the 
Christian era. That which occurred in Vesuvius, A.D. 79, is best 
known, from the &ct that it buried three cities, Herculaneum, 
pKMnpeii, and Stabiae, which were flourishiug at its base. Not 
much lava i^pears to have been thrown out at the eruption, but 
other volcanic products, such as sand, ashes, cinders, and stones. 
Not only were the cities buried in this loose material, but the 
buildings, cellars, and vaults, were filled by currents of mud pro- 
duced by copious showers, resulting from the condensation of 
aqueous vapors ejected from the volcanoes, mixed with ash^s and 
fine sand. In Herculaneum these deposits are from 70 to 112 
feet thick 

Hence it is, that when these cities were first excavated, more 
tlian a hundred years ago, every thing enveloped was in a most 
perfect state of preservation — the pavements of lava, with deep 
ruts worn by the camsLge wheels ; the names of their owners over 
the doors of the houses; the frescoed paintings as bright as 
thougli put on but yesterday ; fabrics in the shops still showing 
their texture ; vessels of fruit so well preserved as to be easily re- 
cognized ; bread retaining the stamp of the baker, and medicine 
yet remaining on the apothecary's counter. The whole constitute 
.perfect examples of fossil cities ! 

In 1759, in the elevated plain of Malpais, in Mexico, which is 
from 2,000 to 3,000 feet above the ocean, and at the distance of 
125 miles from the sea, * volcanic eruption took place, producing 
six volcanic cones ; now varying in height from 200 to 1,600 feet. 
, Around these cones, and covering several square miles, are a mul- 
titude of small cones, from two to six feet high, called homitos^ 
^which continually give off hot aqueous vapor and sulphuric add. 

Sometimes during a violent eruption the whole mountain, or 
cone, is either blown to pieces or falls into the gulf beneath, and 
its place is afterwards occupied as a lake. 

- Examples.— 1. In 1*772, the Papandayaog, a large volcano in the island 
• of Java, after a short and severe eruption, fell in and disappeared over an ex- 
tent of fifteen miles long and six broad; burying forty villages, and 2,957 
inhabitants. 3. In 1638, the Pic, a v<rfcano in the island of Timor, so high 
as to be visible 300 xmles, disappeared, and its place is now occupied by a 
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lake. 8. Many lakes in the south cf Italy are supposed to have been thus 
formed. 4. A volcano occupying the same spot as the present Tesuvius, is 
supposed thus to have been destroyed in 1779, and its remains to constitute 
the circular ridge, called S(Hnma, which is several miles in diameter. 

VOLCANOES IN HAWAD. 

In Hawaii, one of the Sandwich Islands, are the most remark- 
able volcanoes, perhaps, in the whole world. There are three of 
them ; the first, Mamia Kea, in the northern part of Hawaii, 
13,950 feet high, now extinct; the second. Manna Loa, in the 
sonthem part of the island, 1 3,760 feet high ; the third Kilauea, 
upon a table land at the base of Mauna Loa, 3,970 feet high. 
Kilauea is the most interesting, as it is constantly active. In ap- 
proaching the crater it is necessary to descend two steep terraces, 
each from 100 to 200 feet high, and extending entirely around 
the volcano. The outer one is 20, and the inner one 15 miles in 
circumference; and they obviously form the margin of vast craters, 
formerly existing. Arrived at the margin of the present crater, 
the observer has before him a crescent shaped gulf 1,500 feet 
deep, at whose bottom, which is from five to seven miles in~ cir- 
cumference, the top being from eight to ten miles, is a vast lake 
of lava, in some places molten, in others covered with a crust ; 
while in numerous places (some have noticed as many as fifty at 
once), are small cones with smoke and lava issuing out of them 
from time to time. Sometimes, and especially at night, suck 
masses of lava are forced up, that a lake of liquid fire, not less 
than two miles in circumference, is seen dashing up its angry bil- 
lows, and forming one of the grandest and most thrilling objects 
that the imagination can conceive. Fig. 117 is a view of thra 
volcano taken by Bev. Mr. Ellis, an English missionary. 

Eruptions fhnn Kilauea are repeated every few years. There was a power- 
fbl eiT^tion in May and June 1840. For several years the great gulf bad been 
gradually filling up, until it was not more than 900 feet deep, and this molten 
mass was raging like the ocean when lashed into fury by a tempest. At 
length the lava found a subterranean passage, and flowed eight miles trndor 
ground, when it reached the sur&ce, and sweeping forest, hamlet, plantation, 
and everything before it, rolled down with resistless energy to the sea, a dis- 
tance of thirty-two miles, where leaping a precipice of forty or fifty feet, for 
three weeks, the stream of half a mile in width and twenty feet in thickness; 
poured in one vast cataract of fire into the deep below, with fearful hissings 
and loud detonationa The atmosphere in all dh-ections was filled with ashes, 
spray, and gases; while the burning lava, as it fell into the water, was shiv- 
ered into millions of minute particles, and being tlirown back into the air, 
fell in lowers of sand on all the sunrounding country. 
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Generally Kilaaea is quiescent while Mauna Loa is active ; but 
in 1849, during a partial eruption of the latter, Eilauea was un* 
xisually active. If there is any connection between the two vol- 
canoes it must be very deeply seated, otherwise the products of 
Mauna Loa would empty themselves through Kilauea, the lower 
opening of a great syphon. 

In 1843 Mauna Loa sent forth two great streams of lava, one of 
them being twenty-five miles long and a mile and a half wide. 
During the eruption a rent twenty-five miles long was produced 
in the mountain. In 1852 there was another eniption of great 
power. Persons who visited the crater say that in the midst of 
the roaring, upheaving ocean of fire, there was & fountain of lava 
•of dassriing brilliancy, now shooting up to the height of 700 feet, 
and now dwindling down to 200 feet, but varied on the top and 
«ides by points and jets, like the ornaments of Gothic architec- 
ture ; thus producing a fountain constantly varying in form, di- 
mensions, color and intensity, and far surpassing all the possible 
beauties of any artificial water fountain. In 1855 another erup- 
tion commenced, which caused great anxiety to the inhabitants of 
Hilo. A rushing torrent of lava, from three to five miles wide, 
flowed from the crater in a direct course for the city, for seven or 
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eight months. But after flowing for a distance of twenty miles 
the supply was exhausted, and the stream was stayed. 

These eruptions, although so vast, commenced with no earth- 
quake, no internal thunderings, or any premonitions discernible at 
the base of the mountains. The eruptions themselves were com- 
paratively quiet and noiseless ; the mountains opened, the lavas 
flowed out. This stands out in distinct contrast with the bellow- 
ing explosive eruptions of Vesuvius and Etna. Hence there are 
two types of volcanic action , — ^the one exemplified by Mauna Loa 
and the other by Vesuvius. 

Barren Island. — ^Fig. 118 is a view of Barren Island, in the 
Bay of Bengal, which is volcanic. 

Pig. 118. 




Barren Jitland^ Bay qf Bengal. 

Fig. 119 shows the summit of Cotopaxi, in South Am^ricit, emit- 
ting smoke. It is nearly 19,000 feet high. 



DYNAMICS or VOLCANIC AGENCY. 

We can form an estimate of the power exerted by volcanic 
agency froni three circumstances : first, the aniount of lava pro^ 
truded ; secondly, from the distance to which masses of rock hav^ 
been projected ; and thirdly, by calculating the force requisite to 
raise lava to the tops of existing craters from their base. 

Vesuvius, more than 3,000 feet high, has launched scoria 4,000 
feet above the summit. Cotopaxi, nearly 19,000 feet high, has 
projected matter 6,000 feet above its summit; and once it threw 
a stone of 109 cubic yards in volume, to the distance of nine 
miles. 
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Fig. 119. 




■ Otftdpaaoi. 

IkldQg ibe spedfic griirity of lava at l8, the following table will show the 
force requisite to cause it io flow over the tops of the several Tolcauoes whose 
names are given, with their height above the pei^ : Tber initial velodly which 
such a force woiild ph>duce| iis also given in the last column. 

jT-_^ Height Force exerted Intttal velocity 

In feet npoa the LavA. per second. 

Stromboli, (Chlcciola) . . . 294T 231 Atmosphere^. 3*71 feet 

Vesuvius . . . .... 3948 "" 320 496 

Etna 108Y4 884 832 

Tenenffe ....... 12182 090 : 896 

l^auna Kea^ Sandwich Islands 13645 1109 966 

Cotopaxi, Quito 18876 1493 1104 

Aconcagua^ Chile . .... 23910 1943 

There can be but little doubt but the chimney of a yolcano extends gener- 
ally as much below the level of the sea as it does above ; and often probably 
9% times as deep ; so that the actual force pressing upon the lava in its 
reservoir, may be &r greater than the. second column of the preceding table 
represents; and the initial velocity much greater than in the third column. 

The amount pf melted matter ejected from Vesuvius in the 
eruption of 1737, was estimated at 11,839468 cubic yards ; and 
in ^at in 1794, at 22,435,520 cubic yards. But these quantities 
are small compared with those which Etna has sometimes dis- 
gorged. In 1660, the amount of lava was twenty times greater 

8* 
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than the whole mass of the mountain ; and in 1669, when V 7,000 
persons were destroyed, the lava covered eighty-four square miles. 

According to Professor Dana, 15,400,000,000 cubic feet of mat- 
ter flowed from Kilauea in the eruption of 1840 — a mass equal to 
a triangular ridge 800 feet high, two miles long, and a mile wide 
at the base. 

I^ew Islands formed hy Volcanic Agency. — ^History abounds 
with examples of new islands rising out of the sea by volcanic 
action. Such were Delos, Rhodes, and the Cyclades, situated in 
the Grecian Archipelago, and described by Pliny, the naturalist, 
and other ancient writers. In more modem times, small islands 
have risen in the Azore group ; such as Sabrina, in 1811, whidi 
was 300 feet high, and a mile in circumference ; but after some time 
it disappeared ; another in 1720, was six miles in circumference. 
In 1707, the island called Isola Nuova, was thrown up near San- 
torini, and continues to this day. Just before the great eruption 
of Skaptar Jokul in Iceland, in 1783, a new island appeared off 
the coast; which, however, subsequently^ disappeared. In 1796, 
a new island rose to the height of 350 feet,^ having two miles of 
circumference, in the Aleutian group, east of Kamtschatka, which 
is permanent. , In 1806 another permanent island rose in the 
same vicinity, four geographical miles in circumference. In the 
same archipelago, in 1814, another peak arose, which was 3,000 
feet high ; and which remained standing a year afterwards. In 
those where the cone does not sink back beneath the sea, it is pro- 
bably composed of the more solid lavas, such as trachyte, or 
basalt 

On Fig. 120 is exhibited the eruption by which Sabrina, mentioned abov^ 
was produced. 

The rise of these islands is sometimes connected with submarine 
volcanoes. In July, 1831, a volcanic island rose up through the 
sea off the coast of Sicily, and was called Graham's Island. In 
August it was 180 fleet high, and one and a third miles in circum- 
ference ; but the part above water being composed of loose mate- 
rials, disappeared in two or three years, leaving a rocky shoal. 

These islands are not always raised to their full height bj a single par- 
oxysm of the volcanic force; but by a succession of efforts ibr mon&s and 
even years. 

Very many large islands appear to be wholly, or almost en^ 
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Submarine Vi^^sano (Sdbrina). 

tirely, the result of volcanic action ; and to be composed chiefly 

of lava and rocks upheaved by this agency, such as sandstone and 

limestone. Examples may be found in the Sandwich Islands, of 

"which Hawaii, the largest, contains 4,000 square miles of sur&ce, 

and rises 18,000 feet above the ocean; in Teneriffe, 13,000 feet 

high ; in Iceland, Sicily, Bourbon, St. Helena, the Madeira, and 

Faroe Islands; and a great part of Java, Sumatra, Celebes, 

Japan, etc. 

Character of Molten Lava, — ^Lava in general is not very 

thoroughly melted ; so that when it moves in a current over the 

country, its sides form walls of considerable height, and a crust 

soon forms over its surface, which serves still more to prevent its 

spreading out laterally. It is kept in a semi-fluid state by the 

water which it incloses, and which is prevented from escaping by 

the hard crust 

Hence a lava current may be deflected from its course by breaking away 
^ crust on one side; and in this way it has sometimes been turned sway 
from towns that were threatened by it. In one instance, the inhabitants of 
Catania attacked a lava current and turned it towards Paterao, whose Inhabi- 
iaats took up arms and arrested the operation. 
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The crast forming upon lava soon becomes a good non-condnc- 
tor of heat ; and hence the mass requires a long time to cool ; 
ex. gr.^ the case of Jomllo, in Mexico, 1,600 feet high, which was 
ejected a hundred years ago,l>Qt is not yet cooL 

This explains a carioos £u:l In 182S, a mass of ice was found on Etna, 
lying beoeoUi a corrent of lava. Probably Yx^ote this flowed over it^ the ioe 
might have been covered by a shower of volcamc ashes, "skhvAi are a good noo- 
conductor of heat, and might have preyented the immediate melting of it, 
while the superimpoaed lava has preserved it fiom the period of its erupti(Hi 
to the present 

When lava is thrown out upon the dry land, with only the 
pressure of the atmosphere upon it, it is apt to become vesicular 
and scoriaceous ; but when cooled slowly and under great pres- 
sure, it becomes compact and may be even crystalline. The 
porous varieties result from the cooling of the lava while ex- 
panded with the contained gases. Scoria and pumice may often 
be regarded as ih^ froth or foam of the volcano. 

Volcanoes constantly Active, — A few volcanic vents have been 
constantly active since they were first discovered. They always 
contain lava in a state of ebullition ; and vapors and gases are con- 
stantly escaping. 

ExAXFLES.— 1. Stromboli, one of the lipari Islands, has been observed 
longer probably than any volcano of this dass ; and for at least 2,000 years 
it has been mir^nittingly active. The lava here never flows over the top of 
the crater ; though it is sometimes dischaiged thiougli a fissure into the sea, 
killing the fish, which are thrown upon the shore ready cooked* It is said to 
be more active in stormy than in fiur weather; likewise more so in winter 
than in summer : a lact explained by the different degrees of pressure ex- 
erted by the air upon the lava at differ^t times. When the air is light, the 
internal force predominates ; but when heavy, it restrains the energy gf the 
volcaoa 

2. In Lake l^Hcaragua is a vblcano which is contantly burning. Yillarica, 
in Chfle, so high as to be seen 150 miles, is never quiet The same to said to 
be the case with Popocatepetl, in Mexico. Ever shice the Spanish conquest 
of Mexico it has been pouring forth smoke. Kilauea is the most remarkable 
active volcano on the globe, and has already been described. 

Seat of Volcanic Power. — ^Volcanic power must be deeply 
seated beneath the earth's crust. 

Proof. — 1. The melted lava is forced out from beneath the 
oldest rocks, as gneiss and granite ; for masses of these rocks are 
frequently broken off and thrown out. 2. Lines or trains of vol- 
canoes indicate some connection between the vents ; and the great 
length of these lines, several thousand miles in some instances, 
can be explained only by jsuppodng that the fissure or cavity by 
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wbu^ tbe connection is made must extend to a great depth. 
3. When-, in 1Y83, a submarine volcano on the coast of Iceland, 
ceased to eject matter, immediately another broke out 200 miles 
distant, in the interior of the island. 4. "Were not the power 
deep-seated, volcanoes would become exhausted ; as they some- 
times throw out more matter at a single eruption, than the whole 
mountain melted down could supply. 

EXTINCT VOLCANOES. 

Many writers maintain that there is a marked difference between 
the matters ejected from active and extinct volcanoes. It is said 
that the more modern lavas have a harsher feel, are more cellular, 
and more vitreous in their appearance, and also less fcldspathic 
than the ancient. But it is doubtful whether any character will 
satisfactorily distinguish them, except the period of their eruption. 

The extinct volcanoes are of very different ages. Some of them 
%ere active during the tertiary period, some during the drift 
period ; and some since that time. In some instances, as a moun- 
tain called the Puy de Chopine, in Auvei^e, which stands in an 
ancient crater, and rises 2,000 feet above an elevated granitic 
plain, itself about 2,800 feet above the sea, there is a mixture of 
trachyte and unaltered granite. 

The extinct volcanoes of Auvergne, and the south of France, liave long ex- 
cited, deep interest ; and have been iully illustrated hy Scrope. BakewelJ, and 
others. Near Clermont, the landscape has as decidedlj a volcanic aspect as 
1b any part of the world; of which Kg. 121 will convey some idea. 



Fig. 121. 




JBxiinct Voleanoet; Aw^^rgnt, 

Extinct volcanoes exist also in Spain, in Portugal, in Germany, along the 
Khine, in Hungaty, Styria, Transylvania, Asia Minor, Syria and Palestine. 
To the east of Smyrna m Asia Mmor, is a region called the Burnt District 
^atakekaumena of the Greeks), because it shows such striking marks of ex- 
tinct volcanoes. In the valley of the Jordan, especially around Lake Tiberias, 
extending as far northwest as Safed, volcanic rocks abound, with warm 
JBprings and occasional earthquakes. 

The region about the Dead Sea is decidedly volcanic ; but appears more 
I&0 a re^on of extinct than aotiveTolcanoes. Yet the destruction of the dties 
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of the plain, Sodom and Gomorrahj as represented in the Bible, seems to haw 
been caused by volcanic agencj. Some suggest that Sodom and Gomorrah 
were built upon a mine of bitumen, that lightning kindled the combustible 
mass, and that the cities sunk in the subterranean conflagration. The prhfi>; 
cipal difficulties in the way of this hypothesis are, first, to see how the bittb^- 
men, buried beneath a considerable thickness of soil, could have bmut rsp-" 
idly enough suddenly to destroy the cities and their inhabitants ; and secondly, 
to conceive of a bed of bitumen so thick, as by its combustion to sink the 
surface from the present high-water mark to the bottom of the sea. J)t. 
BobinsoQ describes the high-water mark as seen by him ** a great distance," 
south of the margm of the sea at that time. The sur&ce, therefore, mu^ 
have sufifered a great depression. Would it not somewhat relieve these diffi- 
culties to suppose volcanic action combined with the combustion of the bitu- 
men ? No geologist will doubt the correctness of Von Buch's <^ioh, that 
a fault extends from the Bed Sea through the valley of Arabah and the Jor- 
dan to Mount Lebanon ; and along that fissure we might expect volcaiil? 
agency to be active. But it might have produced very striking effects with- 
out the ejection of lava. Earthquakes sometimes cause the surface to sink 
down many feet, and flames have been seen to issue through the fissures 
which they produce. Thus might the sUme pits (literally tveUs ofasphciUvm) 
have been set on fire, immense volumes of steam, smoke and suffocating va- 
pors have been set at liberty, perhaps, too, the remarkable ridge of rode gaJt 
called Usdam have been protruded, and finally, by the subsidence of the sw- 
&ce after the destruction of the cities, might the waters of the lake have 
flowed over the spot In a fflmilar manner was the city of Euphemia, in 
Calabria, destroyed in 1638. "After some time," says Kircher, who was 
near the spot, " the violent paroxysms (of the earthquake) ceasing, I stood 
up, and turning my eyes to look for Euphemia, saw only a fiightfiii black 
cloud. We waited till it had passed away, when nothing but a dismal and 
putrid lake was to be seen, where once the city stood." 

Mt. Ararat in Asia, is an extinct volcano. A large proportion of the lofty 
peaks of the Andes and the mountains of Mexico belong to the class of ex* 
tinct volcanoes, as well as large districts of the region between tlie Bodg? 
Mountains and the Pacific Ocean. 

The size of ancient volcanic cones and craters was ofl;en very large. 

In the middle and southern parts of France, extinct volcanoes cover sereiBl 
thousand square miles. Between Naples and Cumea, in the space of 200 
square miles, according to Brieslak, are sixty craters ; some of them laTger 
than Vesuvius. The. city of Cumea has stood three thousand years in a a«ter 
of one of these volcanoe& Vesuvius stands in the midst of a vast cratet^ 
whose remains are still visible, called Somma. The volcanic peak of Teh- 
erifife stands in the centre of a plain, covering 108 square miles,. which issoi^ 
rounded by perpendicular precipices and mountains, which were probably tb^ 
border of the ancient crater. According to Humboldt, all the mountainousi 
parts of Quito, embracing an area of 6,300 square miles, may be eonsidere^ 
as an immense volcano, which now gets vent sometimes through one, and 
sometimes through another of its elevated peaks ; but whk^h must have beea 
more active in former times to have produced the results now witnessed. Of 
the two ancient craters of Eilauea, one is fifteen and the other twenty mife^ 
in circumference. Two other ancient craters exist in Maui, one of the SancU 
wich Islands, the one twenty-four and the other twenty-seven miles in cir* 
cuit 

From such facts many geologists have inferred that volcanic 

agency in early times was more powerful than at present, and 
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t^at it is gradually diminishing. Lyell and others, however, are 
of a different opinion, and quote as equalling any of the ancient 
eruptions, the outburst^ from Skapter Jokul, in 1783, and irom 
Mauna Loa and Kilauea in the nineteenth century. 

XABTHQUAKES. 

Earthquakes almost always precede a Tolcanic eruption; and 
cease when the lava gets vent. 

Hence, the proximate cause of earthquakes is obvious; viz., 
the expansive efforts of volcanic matter, confined beneath the 
earth's surface. 

Hence, too, the ultimate cause of volcanoes and earthquakes is 
the same, whatever that cause may be. 

During the paroxysm of the earthquake, heavj rumbling noises are heard : 
tiie gromid trembles and rocks ; fissures open on the surface, and again dose, 
fiwi^owing up whatever may have fallen into them ; fountains are dried up ; 
lifers are turned out of their courses ; portions of the surface are elevated, 
and portions depressed ; and the sea is agitated and thrown into vast billows. 

The concussions of earthquakes, or the violent commotions of 
the surface, are of three kinds : the first being distinguished by a 
series of perpendicular, the second by horizontal* or undulatory, 
ftud the third by rotatory motions, following each other in rapid 
succession. The perpendicular motions act from below upwards ; 
as during the destruction of Riobamba, in 1797, when dead 
bodies were thrown upon a hill several hundred feet high. The 
horizontal motions act in an undulating manner, causing an alter- 
nate rising and sinking of the earth. The rotatory or circular mo- 
tions are the most rare, but are the most destructive. They 
consist of whirling movements of the earth, whereby buildings 
without being overturned are twisted, parallel rows of trees de- 
flected, and fields when covered with grain made to change their 
relative positions. 

The progression of earthquakes is generally in a linear dired- 
^on, undulating with a velocity of from twenty to thirty geo- 
graphical miles in a minute. Sometimes the progression is in 
concussion circles or great ellipses, in which, as from a center, the 
vibrations extend with decreasing force to the circumference. 

Several thousand cases of earthquakes have been recorded. During many 
of them tracts of land have been elevated or depressed. The following are 
a few of ^em. la 1692, a part of Port Poyal, in the West ladies was soak; 
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in 1755, a part of LiciboD ; in 1812, a part of Caraccaa. Aboot the same 
time numerous earthquakes agitated the valley of the Mississippi, for an ex- 
tent of .300 miles, from the mouth of the Oiiio, to that of the St f ranci^ 
whereby numerous tracts were depressed, and others elevated, lakes and is- 
lands were formed, and the bed oi' the Mississippi was exceedingly altered. 
There is a remarlcable subsidence, twenty miles in length, and a xnile iiT 
width just above the FaUs, in Cohmibia river, in Oregon. Through the whole, 
distance the trees are standing in the bottom of the stream, at an average 
depth of twenty feet The region appears to be one of extinct volcanoesL 

The most extensive elevation of land on record by means of earthquakes, 
took place on the western coast of South America, in 1822. The shock was 
felt 1,200 miles along the coast; and for more than 100 miles the coast was 
elevated from three to four feet ; and it is conjectured that an area of 100,000 
square miles was thus raised up. 

In 1783, a large part of Calabria was terribly convulsed by earthqui^ei^,^ 
over an area of 500 square roUes. The shocks lasted for four years ; in 1783, 
there were 949, and in 1784, 151. A vast number of fissures of every form 
were made in the earth, and of coarse a great many local elevations and Bub« 
sidences j which, however, do not appear to have exceeded a few feet In 
some sandy plains, singular circular hollows a few feet in diameter, and in 
the form of an inverted cone were produced by the water which was forced 
up through the soil Some of these are exhibited on Fig. 122. 

Fig. 128 




Sblet formed hy an SdrOiquaki, 



The ocean is almost always agitated during earthquakes, tbns 
producing waves of translation, often of great size and power. 
Their effects have been alluded too in the previous sectioD. 
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The number of earthquakes is abont twenty annually, corres- 
ponding to the number of volcanic eruptions. 

The effects of earthquakes in changing levels may not be per- 
manent, because a depression of a tract may be counterbalanced 
by a subsequent elevation. 

THERMAL 8PBINQ8. 

Hot springs are very common in the vicinity of volcanoes ; 
such as the well-known geysers in Iceland. Some of these are 
intermittent, probably in consequence of the agency of steam 
within subterranean cavities. The great geyser consists of a basin 
fifty-six by forty-six feet in diameter ; at the bottom of which is a 
well ten feet in diameter and seventy-eight feet deep. Usually 
the basin is filled with water in a state of ebullition ; but occa- 
sionally an eruption takes place, by which the water is thrown up 
from 100 to 200 feet, until it is all expelled from the well, and 
there follows a column of steam with amazing force and a deafen- 
ing explosion, by which the eruption is terminated. These waters 
hold silica in solution ; as do those of the Azore Islands ; and ex- 
tensive deposits are the result. The coating over of vegetables 
by this silicious matter, has given rise to the common opinion 
that certain rivers and lakes possess the power of rapid petrifac- 
tion. 

Pig. 123 repregents the great geyser of Iceland in action. 

Thennal springs are not confined to the vicinity of volcanoes. They occur 
in every part of the globe ; and rise out of almost every kind of rock. They 
frequently contain enough of mineral substances to constitute them mineral 
waters. But one of their moat striking properties is the evolution of gas ; 
such as carbonic acid, nitrogen, oxygen, sulphuretted hydrogen, etc., in a 
free state. 

The<mf of Thennal Springs. — ^When these springs occur in 
volcanic districts, their origin is very obvious. The water which 
percolates into the crevices of the strata becomes heated by the 
volcanic furnace below^ and impregnated with salts and gases by 
the sublimation of matter from the same focus. The thermal 
springs not in volcanic districts, in a large majority of cases rise 
either from the vicinity of some uplifted chain of mountains, or 
ftom clefts and fissures caused by the disruption of the strata ; and 
therefore, in all such cases are probably the result of deep-seated 
volcanic agency, which may have been long in a quiescent state. 




Great Oeyur qf Jcdand. 
TEMPERATURE OF THE GLOBE. 

The principal circumstances that determine the temperature of 
the globe and its atmosphere are the following : 1. Influence of 
the sun. 2. Nature of the surface. 3. Height above the ocean, 
4. Oceanic currents. 5, Temperature of the celestial spaces 
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aronnd tlic earth. 6. Temperature of the interior of the earth, 
independent of external agencies. 

1. Solar HeaL — The solar rays exert no influence, as a general 
feict, at a greater depth than about 100 feet (Baron Fourier 
mentions 130 feet as the maximum depth ; Poisson fixes it at sev- 
enty-six feet.) A thermometer placed at that depth remains sta- 
tionary all the year. The diurnal effect does not extend more than 
;ftree or four feet In receding from the tropics, the amount of 
Bolar heat diminishes. During six months it continues to increase, 
and to diminish the remaining six months. The decrease of the 
mean temperature from the equator towards the poles is nearly in 
proportion to the cosines of latitude. Prof. Forbes has made some 
observations near Edinburgh, from which it appears that the os- 
cillations of annual temperature would cease at the depth of forty- 
nine feet in tri^ tufa, sixty-two feet in incoherent sand, and ninety- 
one feet in compact sandstone. 

Sdar heat is the fundamental element on which depends the sor&ce 
temperature of the globe and the charact^ of the climate. 

2i Nature of the Surface. — ^The radiating and absorbing power 
of land is quite different from that of water. Ice and snow are 
gtin different ; and the nature of the soil affects sensibly its power 
to imbibe <Hr give off heat. Hence low islands have a higher tem- 
tH^rature than large continents in the same latitude ; and the 
<icean possesses greater uniformity of climate than the land. 

On these facts Sir Charles Lyell has founded an hypothesis for explaining 
^ high temperature of the surface of the globe in northern latitudes in early 
^jxies. He supposes that but little land then existed in the northern parts of 
Ibe^lobe, and tbat this produced so great an elevation of temperature above 
yf^m it is M present, that tropical animals and plants might then have inhab- 
it l«gions now subjected to ahnost perpetual winter. That the quantity of 
^^ famd in the northern hemisphere, during the deposition of the older fos- 
s^l^us rocks, was much less than at present is very probable ; and this 
lEoght affect the climate somewhat But if the action of currents from tropi- 
cal regions extending to the frigid zone, at the present day, is not sufficient 
t» render the climate temperate, we can not think a greater depression in an- 
cient times would be adequate to the production of a climate in which tropi- 
cal plants and animals m^ht flourish. 

3. Height above the Ocean, — -The temperature of the air dimin- 
ishes one degree Fahrenheit for 300 feet of altitude ; two degrees 
for 595 feet; three degrees for 8*72 feet; four degrees for 1,124 
feet ; five d^ees for 1,347 feet ; and six degrees for 1,539 feet. 
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Hence, at the equator perpetual frost exists at the height of 16,000 
feet, diminishing to 13,000 feet at either tropio. Betweai latk 
tudes 40° and 69° it varies from 9,000 to 4,000 feet In .almost 
every part of the frigid zone this line descends to the sor&oe. 
These results, however, are greatly modified by several circum- 
stances ; so that, in fact, the line of perpetual congelation is not & 
regular curve, but rather an irregular line descendiog and ascends' 
ing. _: 

4. Oceanic CurrenH, — ^The surface of all oceans is occupied hf 
currents. Some flow from the poles toward the tropics, carrying 
with them cold water, thus lowering materially the temperature 
of the warmer regions. Others flow from the tropics to the colder 
regions, carrying warm water and the products of warm climates, 
with effects to correspond.' Most of the irregularities in the iso- 
thermal curves, where they cross oceans, are produced in this way. 
A familiar illustration may be seen along our coast. A cold cur- 
rent from Baffin's Bay passes near the eastern shore of North 
America, and makes the isotherm bend to the south along the 
whole distance ; while the Gulf Stream, passing in the opposite 
direction, outside -of the cold current, renders the climate of north- 
em Europe much warmer than our shores at the same degree of 
latitude. 

5. Temperature of the Celestial Spaces around the Earth. — ^This 
can not be much less than the temperature around the poles of 
the earth, where the solar heat has scarcely any influence. Now 
the lowest temperature hitherto observed near the poles (as re- 
corded by Dr. Kane in North Greenland) is 70° below zero ; and 
this has been assumed as the temperature of the planetary spaces* 
Hence it follows that there must be a constant radiation of heat 
from the earth into space. 

6. TBMPEBATUBE OF THB INTERIOB OP THB BABTH. 

In descending into the earth, beneath the point where it is 
affected by solar heat, we find that the temperature regularly and 
rapidly increases. If this rate is continuous, all the interior of 
the earth, below a crust of 100 mifes thick, is at present in a state 
of fusion. Fig. 124 represents the proportion of melted and nn- 
melted matter in the earth, on the supposition that the crust| 
which is represented by the black line, is 100 miles thick. . - 
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The evidences of an increase in the temperature of the interior 
are these : the higher temperature of the earth in all artificial 
excavations of considerable depth ; the existence of thermal 
springs ; and the existence and distribution of volcanoes. 

Prvof 1. — ^There are three sources of information from artifi- 
cial excavations. 1. The temperature of springs which issue from 
the rocks in mines. 2. The temperature of the rock itself in 
mines. 3. The temperature of the water from Artesian wells. 
The following table gives many of l^e particulars : 
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Saxony. 



Britteny. 

Cornwall . 
Mexico... 



Ooumnm. 



MXHSB. 



Lead and Silrer Mine of Jonghohe 
Birk. 

do of Beschertgluek 

do of Ponllanen 

do of Uaelgoet 

Bolcoath Mine 

Qnanaxato, Silver Mine 



Camieaaxy Fr.. 



Cornwall. 
Saxony . 
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1. In loose matUr near Vie face qfthe rock. 

Cornwall United Copper Mines | 

Coal Pit of Ravin 

do of Castellan 

%. Inihe rock near itt surface. 

Saxony iMine of Beschertglack 

do do 

I do do 

8. TkreefBst three inches within (he tock, 

Dolcoath Mine. Register kept 18 

months 

Lead and Silver Mine of Kurpinz. . 
do do do 
do do do .. 
Coal Mines 



E. Virginia. 
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Paris, near the Barrier de Grenelle 

Paris, Fountain de St Tenant 

Tonrs 

La Rochelle 

STear Berlin, in Prussia 

Lonisrille. Ky 

Charleston, S. C , 

New BruRSwiclcN. J 






256 
T12 
128 
197 
1440 
1718 



1142 
1201 
597 
680 

691 
818 
1246 



1881 
418 
686 

1068 
780 



1800 
828 
499 
869 
675 

2086 
910 
894 



h 



4S.9* 

54.6 
5&4 
54. 

83. 
98.2 



87.4 
88. 
62.8 
67.1 

62.S 

59. 

65.7 



76.6 
596 
62.5 
67.7 
6a7 



88. 

57.2 

68.5 

^4.6 

67.6 

76.5 

69. 

54. 



4i 

« s ** 
S 2, 



46.9* 

46.4 

52.7 

51.8 

50. 

68.8 



50 



46.4 



50. 



56.7 



51.1 

62.7 

58.4 
49.1 

82.8 



&^l 



102.4 

87. 
182. 

89.5 

45. 

45.8 



SOJd 
81.1 
55.8 

40.8 

101. 
67. 
64.4 



64. 

81.3 

42.6 

49.9 

60. 



6a 

49. 
42.5 
88. 
86.8 

64. 
72. 



Artesian wells have lately been applied with succeRs in Wurtembur^, to 
prevent frost from stopping machinery which was moved by running water, 
and also fi>r warming a paper manufactory. Who knows but this application 
may prove of immense benefit to some regions of the globe 7 

The increase of tempenture from the aiurfeoe of the earth downwards does 
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Fig. 191. 




not appear to be at the same rate in all countriea. The mean of all the ob- 
servations which have been made in England, gives 44 feet for a change Gt 
one deg^ree. In some mines in France the increase is much slower, and in 
a &w it is faster. The mean is reckoned at about 45 feet for each degree. 
In Mexico according to the only observation given above, it is 45.8 feet In 
Saxony it is considerably greater, not &r from 65 feet to a degree. The few 
observations m this country, given in the preceding table, indicate an increase 
of 57 feet to a degree. 

The average increase for all the countries where observations have been 
made is stated by the British Association to be at the rate of 45 feet to each 
degree, and this mi^ be used for the present 

At this rate, assuming the temperature of the surface to be 50^, 
a heat sufficient to boil water would be reached at the depth of 
7,290 feet, or more than a mile ; a heat of 6,400**, sufficient to 
melt all known rocks, would be reached at 59.23 miles ; and if 
the temperature continued to increase uniformly, at the center of 
the earth it would amount to 475,000^. But it is probable that 
the degree of heat is uniform after reaching a certain point. 

Another method of calculating the thickness of the crust has been pro- 
posed from the Precession of the Equinoxes. This change of the earth's po- 
sition is caused by the attraction of the sun and moon upon the protuberant 
ring of matter around the equator. • It is claimed that the amount of this at- 
traction will vary in proportion to the amount of fluid matter in the earth. 
If the earth were entirely fluid or entirely solid, the amount of precession 
would vary to the one or other side of its present rate. Thus the present 
rate is a sort of medium between two extremes ; and hence it is calculated 
that the solid crust of the earth must be at least 800 miles thick to be con- 
sistent with the present amount of precession. This view would reUeve 
many of the difficulties urged against the doctrine of internal heat; but the 
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solation of the problem depends upon so many niceties, that it wonld be well 
to suspend our judgment upon the results of the calculation until all the 
prelin^naries are satisfactorily established. 

This argument for tbe internal heat of the earth receives strong 
corroboration from the fact that not one exception to this increase 
of internal temperature has ever occurred, where the experiment has 
been made in deep excavations. 

It appears from the experiments and profound mathematical 
reasoning of Baron Fourier, that even admitting all the internal 
.parts of the earth to be in a fused state, except a crust of thirty 
or forty miles in thickness, the effect of that internal heat might 
be insensible at the surface, on account of the extreme slowness 
-with which heat passes through the oxidized crust. He has 
shown that the excess of temperature at the surface of the earth, 
in consequence of this internal heat, is not more than 1-1 7th of a 
degree (Fahr.), iior can it ever be reduced more than that amount 
by liiis cause. This amount of heat would not melt a coat of ice 
10 feet thick in less than 100 years ; or about one inch per annum. 
The temperature of the surface has not diminished . on this ac- 
count, during the last 2,000 years, more than the 167th part of a 
degree ; and it would take 200,000 years for the present rate of 
increase in the temperature, as we descend into the earth, to in- 
crease the temperature at the surface one degree ; that is, sup- 
posing the internal heat to be 500 times greater than that of boil- 
ing water. From all which it follows, that if internal heat exist, 
it has long since ceased to have any effect practically upon the 
clinoate of the globe. 

Proof 2. — ^XJntil some fact can be adduced showing that the 
heat of the earth ceases to increase beyond a certain depth, noth- 
ing but hypothesis can be adduced to prove that it does not go on 
increasing, until at least the rocks are all melted ; for when they 
are brought into a fluid state, it is not difficult to see how the 
temperature may become more equalized through the mass, in 
consequence of the motion of the fluid matter ; so that the tem- 
perature of the whole may not be greatly above that of fused 
roct. Now, if the hypothesis of internal fluidity have other 
arguments (which follow below) in its favor, while no facts of im- 
portance sustain its opposite, the former should be adopted. 

Proof 3. — ^This is derived from the existence of thermal springs. 
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Yast numbers of tliese occur in regions far removed from any 
modern volcanic action ; generally upon lofty mountain ranges ; 
as upon the Alps, the Pyrenees, the Caucasus, the Ozark moun- 
tains in this country, where are nearly seventy, in California, etc. 
Their temperature varies from about summer heat to that of 
boiling water. Nor can their origin be explained without suppdfc- 
ing a deep-seated source of heat in the earth. 

Proof 4, — The existence of 400 active volcanoes^ and many 
extinct oneSj whose origin is deep seated^ and which are eonneeipd 
over extensive areas. If these were confined to one part of the 
globe, or if after one eruption the volcano were to remain forever 
quiet, we might regard the cause as local and the effect of partic- 
ular chemical changes at those places, aided perhaps by electro- 
magnetic agencies. But if the internal parts of the earth are in 
a melted state, that is, in the state of lava ; and if this mass be 
slowly cooling, occasional eruptions of the matter ought to be ex- 
pected to take place by existing volcanoes. Assuming the thick- 
ness of the earth's crust to be sixty miles, the contraction of this 
envelope one ld,000th of an inch, would force out matter enough 
to form one of the greatest volcanic eruptions on record. More 
probably, however, the percolations of water to the heated nucleus, 
or other causes of disturbance, more frequently produce an erup- 
tion than simple contraction. 

Some geologists have proposed chemical theories to account for the j^ie- 
nomena dT volcanoes. We will consider the two most important ones. 

Hypothesis of the Metalloids. — This hypothesis, originaUy proposed, though 
subsequently abandoned, by Sir Humphrey Davy, supposes the internal parts 
of the earth, whether hot or cold, fluid or solid, to be composed in part of the 
metallic bases of the alkalies and earths, which combine energetically with 
oxygen whenever they are brought into contact with water, with the evolti- 
tion of light and heat To these metalloids water occasionally percolated in 
large quantities through fissures in the strata, and its sudden decompom^on 
produces an eruption. Dr. Daubeny, the most strenuous advocate of this 
theory, has brought forward a great number of considerations which render it 
quite probal^e that this cause may often be concerned in producing voktfdc 
phenomena, even if we do not admit that it is the sole cause. 

Many of the phenomena of volcanoes may be explained upon this view, as 
the formation of vapor, the extrication of gases, and the sublimation of Sul- 
phur, salts, etc., and the connection dT volcanoes with water. But it does 
not satisfactorily account for the constantly active vents. Moreover, rilica, 
the most common chemical combination in lava, can not be produced by the 
union of silioium and oxygen under any heat known to diemista SilidUm is 
unaltered before the blowpipe, and is incombustible in oxygen gas. Aluminnm 
also unites with oxygen very slowly, even under powerftd heat 

Modified Chmicdt i^ec^ry.— Some geologists, as Lyell, have called in the 
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«id of electricity to assist in tho docompositions and recompoeitions that 
result from volcanic agency. By this means tho temperature of the uncom- 
bined metals is raised, so as to cause them to become oxidized moro readily. 
Against the universaUty, at least, of both these theories, may be brought 
to bear the type of volcanic action in Mauna Loa and Kilauca. It is a quiet, 
gradual oveiiow, not a sudden decomposition and recomposition of elements, 
-evolving great heat with explosive accompaniments. The chemical theories 
sqppose violent action. 

OBJECTIONS TO THE DOCTBINB OP INTEBNAL HEAT. 

Objection 1. It has heen maintained that the high temperature of deep excava- 
Hona may he explained by chemical changes going on in the rocks ; such as tlio 
decomposition of iron pyrites by mineral waters, the lights employed by tho 
workmen, the heat of their bodies, and especially by the condensation of air 
tX great depths. 

Ansujer. In the experiments that have been made upon the temperature 
of mines, care has been taken to avoid all these sources of error except tho 
last (which are indeed sometknes very considerable), and yet tho general re- 
sult is as has been stated ; nor is there a sin^e example on tho other side to 
^validate that result As to the condensation of air in mines, Mr. Fox has 
shown that the air wliich ascends from their bottom is much warmer than 
when there ; so that it carries away instead of producmg heat 

Objection 2. The temperature of the ocean. The temperature of tho ocean 
diminishes as the depth increases ; fit first rapidly, then very slowly. The 
deepest measurements do not indicate any increase of heat, but only a 
iinifi>rm coldness. From observations made by Lieut Maury and others, it is 
found that tho change of temperature in tho ocean is as follows : for tho first 
2,500 feet the temperature diminishes 40"* ; from 2,500 to 14,000 feet the re- 
duction is about 3*". The temperature at any lower depth is unknown. 
' Answer. There are many local exceptions to this decrease of temperature, 
espedally in northern latitudes ; yet, on the whole, we should expect that 
the temperature of the sea would decrease downwards, until it had reached a 
temperature below which it would rarely descend; after which we should 
expect a uniform temperature to the greatest depths. Moreover, it is a fact- 
that the warmest particles of a liquid body always rise to the top, as is tho 
ease in a vessel of water that is heated over a fire ; that is, the strata of water 
arrange themselves according to their specific gravities. Hence we should 
expect to find the wanner portions upon the surface. The temperature of 
tea- water, at great tiepths, can never be less than 25.4", bccaiise that is the 
point of its greatest density. If it was colder than this, it would ride, in 
consequence of being specifically lighter by expansion. 

Objection 3. Circulation of die intemai heaJL If the central heat were as 
Iji^snse as is represented, there must be a circulation of currents^ tending to 
„ eq^ize the temperature of the resulting fluid, and the soUd crust itself would 
be melted. For example, if the whole planet were composed of water, the 
.exterior crust of fifty miles thicjmess being condensed to ice, and the interior 
CMean havmg a central heat about 200 times that of the meltmg point of ice, 
then the ice, instead of being strengthened annually by new internal layers, 
would be mel*»d, and the whole spheroid assume an equable temperature 
throughoat This is the objection of Sur Charles Lyell 

• Answer 1. It is not essential to- the doctrine of central heat that a tern- 

|)e]rature very much exceeding that requisite to melt rocks (6,400° F.) should 

exist in any part of the molten nucleus. It may even be admitted that the 

> Whole j^k^ WAS cooled down yeiy nearly to. th^t poinit l^efor? ^.crvist b^g^an 

9 
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to ibnn oyer it For stUI, according to the condosioDS of Foorier, ft would 
require an immense period to cool the internal parts, so that they ^oiild loaa 
their fluid incandescent state after a crust of some twenty miles thick bad. 
been formed over them. 

2. There is the case of currents of lava, wfaidi cool at their sor&ce, so at. 
to pCTmit men to walk over them, while for years, and even decades of yeara^ 
the lava beneath is in a molten state, and sometimes even in motion. And s 
a crust can thus readily be formed over lava, why might not one be formed^ 
over the whole globe, while its interior was in a melted state; and if a cnis^^ 
only a few feet in thickness can so long preserve the intemd mass of lava alT 
an incandescent heat, why may not a crust upon the earth, many mileg iik- 
thickness, preserve for thousands of years the nucleus of the earth in tbo^. 
same state 7 True, if we immerse a solid piece of metal in a melted mass of 
the same, the fragment will be melted; because it can not radiate the Heat 
which passes into ii; but keep one side of the fingment exposed to a eokk . 
medium, as the crust of the earth is, and it will require very much stronger 
beat to melt the other side. If the crust of the globe were to be broken into 
fragments, and these plunged into fluid matter beneath, probably the whote 
would soon be melted, if the internal heat be strong enough. But so long as 
its outer surface is surrounded by a medium, wIkmo temperature is at least 
— *lO*^f nothing but a heat inconceivably powerful, can make much impression 
on its interior surfeuse. 

3. A globe of water intensely heated at its center, and covered by a cnist 
of ice, is not a just illustration of a globe of earth in a similar condition, cor- 
ered by a crust of rocks and soilsL For between the ice and water there is 
no Intermediate ixr semi-fluid condition. As soon as the ice mehs, there ex* > 
ists a perfect mobility among the particles; so that the hott^ because the 
lightest, would always be kept in contact with the surrounding crust of ioe^ 
and melt it continually more and more ; especially as ioe^ being a perfect non* 
conductor of lieat, would not permit any of it to pass through, and by ra- 
diation prevent tiie melting. On the other hand, between solid, rock md 
perfectly fluid lava, there is every conceivable degree of spissitude ; and of> 
course every degree of mobility among the partidea Hence, they eonld not ia 
that semi-fluid stratum, arrange themselves in the order of Uieir specific grav- 
ities ; and therefore, the l^y^r of greatest heat would not be in ccmtact witii- 
the unmelted solid rock. True, the heat would be diffused outwardn, buttg^^ 
long as the hardened crust could radiate the excess of temperature^ the melt- 
ing would not advance in that direction. This would take place only when^ 
the heat was so excessive, that the envelope could not throw it off into 
space. 

FOBMEB IGNEOUS FLUTOITT OF THB SABTH. /* 

We have already shown that probably the interior of the eartik i 
is in a state of igneons fluidity. We now advance a step farthei^'^ 
and say, that previous to the formation of the lowest solid rocl:^} 
the whole globe was in a state of igneous fusion, and that its 
present crust has been formed by the cooling of the surface by., 
radiation. Many of the proofe of this position are also tiie 
strongest arguments for the present internal heat of the earth. 

Proof (I). The Spheroidal Figure of the Earth.-^Thk is the 
strongest of all the proofe. The form of the earth is preciaelf . 



IGKBOtrS T-LtriDITY OF TttK BJlBTH. 195 

timt which it would assume, if while in a fluid state, it began to 
revolve on its axis with its present velocity ; and hence the proba- 
bility is strong that this was the origin of its oblateness. But if 
^^riginally fluid, it must have been igneous fluidity ; for since the 
solid matter of the globe is at present 50,000 times heavier than 
Hie water, the idea of aqueous fluidity is entirely out of the ques- 
tioi* If the rate of revolution had been greater than it is now, 
the polea wpuld have been flattened more, and if the rotation had 
been less rapid, the poles would have been~^flattened less than at 
present To have formed a perfect sphere, there must have been 
no rotation at all. 

Proof (2). All ike crust of the globe has been in a melted state. — 
As to the older unstratified rocks nearly all admit that they are 
(^ igneous or aqueo-igneous origin. As to the aqueous and 
metamorphic rocks, also, it will be admitted that they were orig- 
inally made up of fragments derived from the unstratified rocks ; 
and consequently that they have been melted. Hence if the en- 
tire crust of the globe has been melted, it is a fair presumption 
that it was the result of the fusion of the whole globe. . 

Proof (3). The universality of a tropical or ultra-tropical 
climateyin the earlier geological ages, and in high latitudes, — If the 
earth has passed through the process of refrigeration, there must 
have been a time, when the whole surface had such a high tem- 
pjerature, as is denoted by its organic remains. A climate, also, 
chiefly dependent on subterranean agency, would be more uni- 
fdrm over the whole globe, than one dependent on solar influence : 
and the first appears to have been the agency in those remote ages. 

Other Suppositions. — 1. Lyell has proposed an hypothesis, dependent upon 
the relative height of land in high latitudes at diflferent periods, to explain 
the tropical character of organic remains, without the aid of a secular refriger- 
atKUL. But this has already been treated of. 2. Another hypothesis has 
been advanced with much oonfidenoe by certain writers, not, however, prac- 
tibal geologists, to the same effect It supposes these organic remains to 
have been drifted after death fhxn the torrid zone. But their great distance 
ia general from the torrid zone, the perfect preservation, in many cases, of 
their most delicate parts, with other evidences of quiet inhumation near the 
sitot where they lived, such as the preservation in several cases of the softer 
piida of Uie animals, render such a supposition wholly untenable. 

Proof {4). — This theory furnishes us with the only known ode* 
quale cause/or the elevation qf mountain chains and continents^ 
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OTHER SUPPOSED CAUSES OF ELEVATION. 

1. Sofihquakes.^^^xBmples have been given in another |Jace of small aqd 
liaiited elevations of land, produced bj earthquakes. • And it has been main- 
tained that an indefinite repetition of such events might elevate the highe^ 
mountains, if they took place on no laiger scale than at present But it seenis 
to be sati^^torily i^oved, that some elevations at least, such as those pro- 
ducing the enormous dislocations in the north of England, have occurred to 
an extent of several thousand feet» by a single paroxysmal effort ; wherot^ 
the mightiest efifects of a modem earthquake have produced elevations only » 
few feet, and in most cases the uplifted 8ur£ice has again subsided. Again, 
there is little probability that a succession of earthqiiakes should take -^isibb 
along the same extended line through so many ages, as would be necessary tp 
raise soaie existing mountain chains. Earthquakes may explain some 8%ht 
vertical movements of limited districts; but the cause seems altogether insS^ 
quate to the effect, when applied to the elevation of continents. 

2. Expansion of Rocka hy BsaL — A block of granite, five feet long, if its 
temperature be raised 96**, will expand 0.027792 inch ; a block of ciystalUno 
marble, 0.03264 inch ; sandstone 0.054914 inch. By these data it appears, 
that were the temperature of a portion of the earth's crust ten miles &ek to 
be raised 600°, it would cause the sur&ce to rise 200 feet. A greater h^ 
would produce greater results, such as have taken jdace in the earth^a 
history. 

This cause, therefore, though it may perhaps explain such vertical move- 
ments of particular regions as are taking place in Scandinavia, Greenland, 
Italy, Bn^nd, etc, seems inadequate to account for the permanent elevatiflKi 
of large continents. If they had been raised in this manner, and the same 
remark applies to some extent to earthquakes, we should hardly expect to 
find seveial distinct systems of elevation on the same continent^ nor so mamfy 
examples of vertical strata. 

S. Unequal contraction and expansion of kmd and water "by cold and hecU.-^ 
Assuming the mean depth of the ocean to be ten miles, and that it had cooled 
from boiling heat to 40° F., its volume would contract about 0.042 ; while 
the contraction of the land would be only 0.00417. This would produce a 
sinking of the oceaa of 697 feet. An increase of temperature would produce 
an opposite effect; viz., the partial submersion of tlie land; though it would 
be less than the desiccation, because of the greater area over which the 
water would flow. Admitting these changes of temperature to have taken 
place, and the theory of central heat supposes the former, that is, the re- 
frigeration, they could not account for the desiccation of the globe, because 
the tilted condition of the strata shows that the land has been raised up; 
whereas this theory implies a mere draining of the waters. 

4. A change in {he position of the poles of ihe globe, — ^This hypothesis — ^not 
long since so much in vogue — ^would explain how continents once beneath 
the ocean are now above it, if we admit the form of the earth before the 
change, to have been the same as at present : viz., an oblate spheroid. But 
it w(Hild not explain the tilted condition of the strata^ nor is it sustained by 
any analogous pUjuiomena which astronomy describes. 

EFFECTS OF THE BARTh's RSFRIOBRATION. 

The consequences of the earth's cooling are these : 1. Solidi- 
fication of the surface, so as to form a crust. 2. Contraction, in- 
volving bptli subaid^iK;^ and elevation of parts of thecxtut 3. 
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Fissures of the crnst, or faults, producing displacements in the 
strata. 4. Escape of heat and eruptions of melted matter from 
the igneous nucleus through these fissures. 5. Earthquakes. 6, 
Configuration of the earth's surface, or the courses of mountains 
xnd coast lines, and the general forms of the continents. 

1. Solidification of the Surface. — ^This process must have been 
extremely gradual at the first, and still slower after the forma- 
tion of a crust. These conditions would be favorable to crys- 
tallization ; and there may have been a general uniformity in the 
crystalline structure, so that there should be two directions of 
'easiest fracture in the crust, a north-east and a north-west course. 
It is probable that large circular or elliptical areas continued open 
as centers of volcanic action, which have been growing smaller to 
the present time, or may have become extinct 

2. Contraction. — As the globe continued to cool, its size would 
^diminish. After a crust had been formed, the interior portion 
would gradually lose its heat and contract, perhaps leaving a va- 
cant space between itself and the crust. Where the tension was 
too great to be sustained, the eoneolidated crust would collapse 
upon the contracted interior nucleus, and thus gradually produce 
the present ridged and furrowed condition oi the surface. 




Pig. 125 win illustrate tiiis point The outer circle represents the crust of 

the earth, after it had become consolidated above the liquid mass within. 

7!ns heated ntKdeus would go on contracting as it cooled, while the crust 

- Woi^d remain nearly of the same size. At length, when it became necessary 

'ibr the crust to acoonmiodate itself to the nucleus, contracted say to the inner 
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eiide, it oodid do ^iis ^nlj by ftHhig down m some places and risii^ m 
others ; ^fi is represented 1^ the irre^ilar line between the two circles. Thai 
woold the snr&ce of the earth become plicated by the sinking down of som^ 
parts by their gp^vity, and the eleyation of eoneepondent ridges by the kt* 
end pressure. 

It has been objected that sodi a shortening of the earth^s dianater as tbifi 
hypothesis sopposes woold increase the raindity of its rotary motion, aoi 
shorten the l^gth of the day; whereas astronomy shows that §x 2,000 y^ais 
no sudi diange has taken place. 

But that period is too short &irly to test the point; ance it requires a l<ms 
time for the tension upon the crust c^ the globe to become so great as to pro- 
duce a fracture ; and this may not haye occurred since that time. If there 
be any flexibility, however, in the earth's crust, gravity must produce some 
depression of it in some places, and elevation in others, before the tenaon is 
great enough to produce a fracture. And possibly this may be the origin 
of some cases of slight subsidence or elevation on record. 

Thus a contraction of the nncleos beneath the crnst causes a 

Babsidence of the surface in one pkce and an elevation in another^ 

by lateral pressare. This leads ns to speak more particularly of 

the depression of the beds of the oceans^ and the vertical movements 

(/continents. 

inCPBESSIOK OF THB BEDS OF #CSiLNS. 

Hie subsidence of the surface would be greatest where the crust 

was thinnest, and least where Hie crust was thickest. When the 

crust was sufficiently co<^ to allow the presence of water, large 

lakes would collect in the lowest places, where the subsidence had 

been the greatest. The parts elevated would continue to increase 

in thickness more than the depressed portions, because the heat 

would radiate less rapidly through the former. We must suppo^ 

that this process of tiie subsidence of the basins and the elevation 

of the shores to have continued until oceans and continents were 

formed. Some maintain, as Professor Dana, whose excellent views 

we mostly adopt upon the whole subject of refrigeration, that our 

present oceans and continents have never changed places from tiie 

earliest times, but that the oceans have been constantly growing 

deeper, and the continents higher, though subject to frequent 

minor variations. 

These principles may be more deariy understood by an explanation of Fig. 
126. The dotted line a a represents the outline of the ^obe before contraction ; 
the line c e^ its present sur&ce, having a large ocean, d d^ in a depression of 
the surfiuie. At first there may have been numerous small depressions in the dis- 
trict now occupied by the ocean, too shallow to contain all the water. As 
the depth increased the water would leave the higher laqds and occupy tiito 
oceanic depressioD, while the continental shores B E are enlarging and rising. 
The depression may not be uniform, but may be studded with islands,//, OMx 
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ii^lCMiic, TA the internal fires show themsdyes where the crast is weakest 
From this figure we see that the amount of lateral action claimed is very 
gi^t, as the heights b E on the scale ^^pted correspond to eleva* 
tions more than twelve miles above the sea level 

"Fig, 1, of our first section, illustrates these principles in the 
Atlantic Ocean. The West Indies Islands at the west end of 
tiie section may be regarded as a part of the western continent, 
Bs their position shows them to belong to the continental area. 
Fig. 126 corresponds more nearly with the arrangement of land 
ael water in and about the Pacific Ocean. 

VKETICAL MOVEMENTS OF CONTINENTS, 

It is a well establishea fact, that lar^ tracts of land, 
and even continents, are now undergoing vertical 
inovements, both of elevation, depression, and as the 
result, sometimes a see-saw movement These changes 
of level can not have been produced by earthquakes. 

ISxarnpleBofElevalum, — The most certun example of eleva- 
tion of an extensive tract of country, in comparatively recent 
times, is that of tbe northern shores of the Baltic, investigated 
yrWoL great ability by Yon Back and Lyell Some parts <^ the 
coast appear to have experienced no vertical nmvement But 
Stom Gothenburgh to Tomeo, and from thence to North Cape, a 
distance of more than 1,000 geographical miles, the country 
appears to have been raised up fi*om 100 to 700 feet above the 
8e& The breadth of the region thus elevated is not known, 
and tiie rate at which the land rises (iu some places towards 
fomrfeet in a century) is different in different places. The evi- 
dence that such a movement is taking place, is principally do- 
lived from the shells of the moUusca now living in the Baltic 
^ing found at the elevations above named; and some of the 
Tamacles attached to the rocks. They have been discovered 
Ailand in one instance 70 miles. 

' In other countries similar proofs are relied upon to show 
elevation. In Scotland, England and Wales beaches contain- 
ing existing sea-shells are found in many places at various 
^titudes, from a few feet to 2,300. In North America, as " 
already mentioned, similar relics are abtmdant in the Northern States and 
along the southern coast as high as 540 feet But it has been shown in 
fiection rV. that our countiy has been elevated at least 2,500 feet during 
^e alluvial period. 

Mr, Barwm has shown, beyond all question, that the eastern part of South 
America has been raised in the most quiet manner, without disturbing the 
bwrizontality ofthe strata^ from 100 to 1,400 feet, over an extent of 1,180 
miles, since, the drift period. It is difficult to explain such a movement by 
common earthquake action. 

Mxmiple of Depression. — ^In the southernmost part of Sweden, in the prov- 
ince of Scania, there has been a loss instead of a gain in the land, amounting 
to several feet. 

Exampkscfihe See-saw MwemenL — ^In Unmark, m Scandinavia, the terraces 
show tbsA at one end of a district^ forty geographical mUes in extent, the land 
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haR sunk fifty-eight feet ; wbile at the other extremity there has been a rise 
of ninety-six feet It has been supposed that the whole of Greenland was 
gradually sinking. But the observationt of Dr. Kane show that only about 
300 miles of the southern part is sinking, while the northern parts are rising. 
The axis of oscillatipn is at the latitude of 77®. The evidences of elevation are in 
the successive terraces or beaches, often containing marine shells, which line 
the sides of the fiords. Upon Mary Mintum river there are forty one of theso 
slielves, the highest of which is 480 feet above the ocean. Th^ were com- 
pared to the Parallel Roads of Glen Roy in their general aspect This eleva-. 
tion is of a comparatively recent date, because deserted stone huts were seen^ 
which had been abandoned by the natives iu consequence of their elevation. 
Darwin and Dana have shown that over a wide area of the Pacific Ocean 
a part of the islands are rising and a part sinking by this same oscillatory 
movement 

Submarine ForesU — On the shores of Great Britain, France 
and the United States, usually a few feet beneath low-water mark, 
there occur trees, stumps and peat, seeming to be ancient swamps 
which have subsided beneath the waters, sometimes to the deptK 
of ten feet. In many cases the stumps appear to stand in the 
spots where they originally grew ; yet it requires great care to 
ascertain this fact. 

The Origin of these Forests. — It is probable that this phenomenon results 
from several causes. 1 . When the barrier between a peat swamp and the 
sea is broken through, so tliat the water may be drained off, a subsidence o! 
several feet may take place in tfie soft spongy matter of the swamp, suflSdeni 
to bring it under water. 2. In a case on Hogg Island, in Casco Bay, it is 
inferred that some submarine forests may have been produced by the gradqal 
removal of the contents of a peat swamp, by the retiring tide, after the bar^ 
rier between it and tiie ocean has been removed so as to form a slight slo^ 
into the water. At the spot referred to, the process may be seen partly coni 
pleted. 3. But probably most submarine forests were produced by earthr 
quakes, or other causes of subsidence, which we find to have operated on te 
earth's surface. 

Temple of Jupiter Serapis, There has been an interesting subsidence and 
elevation of land at Pozzuoli, near Naples, as exhibited by the ruins of ^ 
ancient Roman temple. The temple was originally built at the level of ^ 
sea, for the convenllhce of sea-bathers. Subsequently the ground subside^ 
and a lake was formed in the interior of the temple, in which incmstati^ 
were deposited from a hot spring as high as 4,6 feet Then the sea broni^ 
in ashes and sand to the height of seven feet Next the area was subjected 
to a violent incursion of the seay other materials were brought in, and the sub- 
sidence continued to the height of nineteen feet above the pavement After this 
third subsidence the sea remained quiet, and lithc^hagous molluscs attached 
tliemselves to those parts of the columns within seven or eight feet of tfa€ sur- 
face. At length the land gradually rose, until the pavement of the temple is 
now on the level of the sea. The shells were left in the cavities excavated 
by their inhabitants, and thus indicate to us the former subsidence. 

Fig. 127 shows the present aspect of the columna Those parts of them 
which are covered by the markings of the Modiol» are indicated by trans- 
Terse lines in the figure. 
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FOLDING OF STRATA. 



The energy exerted in raising vast tracts of land has produced 
the foldings in the strata described in Section L These flexures 
are of three kinds. When both sides of the curve, or anticlinal 
axis^ are inclined at the same angle, the flexure is said to be synt" 
wetricaL Fig. 128 represents the normal and most common of 
the curves. It is the direct result of a lateral force crowding the 
strata^ If the lateral force continues to act after the formation 
H>f the normal flexure, it will make both sides steeper, unlal the 
,aide roost remote from iJie lateral force is bent under the other, 
as in Fig. 129. This is ibi^ folded flexure. 



Fig: 126. 



Flg.l .* 




^ 



.' It is a curious fiict that in the continental elevations adjoining 
the oceans, there is a succession of these three kinds of flexures. 

9* 
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Nearest the oceans the invert^ anticlinals alone are found ; but 
gradually becoming less inclined, till the normal, and finally the 
symmetrical flexures are reached. Fig. 19 shows a natural sec- 
tion of the rocks across the Alleghany range in the eastern part 
of the United States, exhibiting this succession of flexures. In 
Pennsylvania the folded and normal curves appear ; west of which 
are the symmetrical flexures of the Upper Palaeozoic rocks of 
Ohio. For the discovery of this beautiful series of curves the 
world is indebted to Professors H. D. and W. B. Rogers. 

As the strata arc elevated to form these curves, igneous mat- 
ters would fill the vacancies beneath the arches, and thus assist in 
the process both by sustaining the strata and by increasing their 
pliability through the transmission of heat The Professors 
Bogcrs, in accounting for these flexures, admit a degree of latersd 
action, but argue that this action proceeded from tiie propellii^ 
force or thrust of moving waves of igneous matter, or the natural 
undulations of the liquid interior, 

8. FISSURES AND DISPULCEMENTS OF THE CBTTST. 

Fissures in the crust of the earth are produced by the unequid 
contraction of its diflferent parts- — the weight of one portion being 
too great to be sustained by other portions of the cmst; hence 
there will be a forcible rupture of the strata, and the layers, once 
continuous, may be displaced, sometimes hundreds of feet. Hie 
direction of the fissures may coincide with the tendency of the 
roc]» to cleave in a general northeasterly or northwesterly direc- 
tion, or be modified by the size and relative positions of large 
areas contracting unequally. 

Many of the fissures thus produced may be arranged in systems 
of uninterrupted or parallel lines instead of single lines of great 
length. Sometimes these lines, or systems of lines, are curve£ 
Fissures often occur along anticlinal or synclinal lines, as in F^. 
40, because the rocks are weakest along these axes. 

4. ESCAPE OF HEAT AND MELTED MATTER THROUGH FI88X7RS8. 

Dykes are eruptions of melted matter filling up fissures ; their 
injection is an ejfect^ not a cause of displacement 

Like the fissures, dykes are arranged in sjrdtems, either linear 
or curved. It is an interesting fact that these systems correspond 
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isx tktBir mode of dUtribution with yolcapoos. For a fine illustra- 
tion we refer to Percival's remarkably accurate map of the dykes 
of Connecticut* {See GeoL Report of Connecticut^ 

The continental thermal spring?, dykes of igneous rocks and 
volcanoes are £ound chiefly along tJie mountain ranges near 
oceans ; that is, along those portions of the crust which have 
been elevated and fractured by the lateral forces produced by 
contraction. The larger these ranges are, the greater has been 
the action of heat. For example, along4he ranges of the Pacific 
coast of North America, some of them 18,000 feet above the 
ocean, there are immense active and extinct volcanoes, besides 
vast basaltic oy^rflow^; while along the Atlantic coast, where 
only a few peaks exceed 6,000 feet, there are no volcanoes, but a 
few thermal springs, metamorphic rocks, and fewer dykes. 

The dulj^eet^ of eruptions and earthquakes have already been treated oC 
iliey are the legitimate results of the former igneous fluidity of the earth, 
but they are also the proofs of the doctrine, and must^ therefore, be described 
before stating the theory. 

-^ 6. coNFiauBATioN OF th:^ kaeth's subfacb. 

Tlie earth is a flattened spheroid, marked with elevations and 
d^esswns^ — ^the former constituting continents and islands, and 
the latter forming the beds of the oceans. The average height of 
the land iabove the level of the ocean is 1,008 feet; and the 
average depth of the ocean benei^h the same level, is from two to 
three milev The proportion of the sur&ce covered by land to 
tliat covered by water, is as three to eight; or fifty-tliree millions 
ci square miles of land, to 144 millions of square miles of water. 

There are evidences of systematic structure in the relative ar- 
xangements of land and watery but especially in the configuration 
<^ tiiie continents themselves. The northern hemisphere contains 
svore than three-fourths of all the land on the globe ; and if the 
north pole be shifted to the south part of England, nine-tenths of 
all the land would be in the northern hemisphere, while the 
water would be mostly in the southern hemisphere. "The land 
is in two great areas^ the Eastern and Western Hemispheres. 
They nearly unite about the north pole, but towards the soutii 
pole divide into three great peninsulas, diverging in different 
directions ; viz., South America, Africa, and Australia, which last, 
with the adjacent islands, may be viewed as a southeast prolonga^ 
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tion of Asia. There is a tendency to a triangalar form in the 
subdivisions of the land, as in Africa and the two Americas. Eil- 
circling the earth in the tropics, there is a nearly continuous, 
though irregular belt of water. 

An order of arrangement may be seen more clearly in the 
trends or directions of islands, coast lines, and mountains. Hie 
islands in the Pacific Ocean, which are properly the peaks of sub- 
merged mountain ranges, have a prevalent northwesterly trend, 
and there are several ^'stems of islands nearly parallel to one 
another. The coast lines have mostly a northwesterly or north- 
easterly direction ; and it is the constancy of these two directions 
which has given to so many of the continental subdivisions a 
triangular form. All the shores of the Americas and Africa, the 
western of £urope, and the southeastern of Asia, have one (^ 
these courses. And as in all these continents there are great 
ranges of mountains parallel to these shores, it will be observed 
that these two general directions belong to them also. 

A careful examination of all the trends of island groups, moun- 
tains and coast-lines, results in the following laws : 

(a,) The ranges are made up of shorter consecutive and some- 
times parallel lines, instead of being uninterrupted for long disr 
tances. All the parts of Fig. 130 illustrate this law. 

rig tm. (*•) Th® ranges are more com- 

— — • ^ ' a monly curved, than stra^ht or corr 

''" "x responding to a great circle of the 

^*"^^^ earth, as in 6, c, rf, and /. 

-' ^ (c.) The straight ranges may have 

~"""^ " . either straight or curved constituent 

'"*' ^ lines, as a and e. 
^ d {d>) Curved ranges may aris^ 
from a general curvature in the 
•v^^^^, ^ ^ whole, as is represented by the 

^"•^"^-i^v^ « dotted lines in b and rf, or from th^ 
_ positions of the constituent parts. 
I J » In ■■ / (c.) The same range naay vary 

greatly in its course in different 
portions of the whole. ,^ 

(/.) When two courses intersect each other, they mof^t nearly 
at right angles, but they may directly unite by a curve. ^ 
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- Fig. 130 ilhistrates these different laws. The straight or carved lines represent 
the parts of the ranges ; that is, successive peaks of mountains, or islands in the 
ocean ; and the general direction of the smaller lines shows the course of tho 
mnges. If one examines the latest and most accurate maps, he will find all 

, these ranges illustrated in the great mountain ranges of the globe, and espe- 
cially in the islands and coasts of the Pacific Ocean. For example, the sys- 
tem of curves in e may be seen by observing the curves along the Asiatic 
toast frpm Alaska, in Russian America^ to Siam. / may be illustrated by 
the Azores or Western Islands. 

We may conclude from these laws tbat there is a system in the 
' grand outlines of the earth, although we may not as yet be fami- 
liar with all its details ; that all over the globe, northwest and 
northeast lines prevail, corresponding to the general cleavage 
structure of the crust ; and that these lines o.r ranges do not con- 
form to the great circles of the earth, but are often quite irregular, 
and even intersect one another. 

Typical Form of Continents, — The simplest continental fea- 
ture is that of a great basin, bordered by mountain ranges, and 
having a general triangular shape. Sections across all the conti- 
nents illustrate this feature. Fig. 131 shows a section across 
North America, having the Appallachian ranges upon the eastern 
border, the Rocky Mountain ranges upon the western border, and 
the great plains of tho western and southern United States for 
the interior and depressed portion of the basin. Figs. 132, 133, 
134, 135, show the same feature in South America, Africa, (as 
ascertained by Dr. Livingstone), Europe, and Asia. 

We will state a few prrticulars respecting the continental features of North 
America, which will apply in general to ail continents. 

The general outline of North America is triangular, and in this 
respect it is a type of all continents. All the shore lines corres- 
"Jpoiid with the northeast or northwest trend. They may be ob- 
Vetved upon both shores of Greenland, the northeast coast of 
Xabrador, and the Atlantic coast, from Labrador to Panama. The 
Western coast has the northwesterly trend throughout. 

The prominent mountain ranges are situated upon the borders 
ef the contment, parallel to the coast lines. The Laurentian 
^buntains in Labrador and Canada have the same trend with the 
Green Mountains in New England, and the Appalachian ranges of 
the Middle and Southern States. The great ranges of the Pacific 
coast are continuous from Russian America through the Rocl^ 
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Mountain ranges to Centnd America, there nnitii^ wiik the pio- 
longations of the Andee ranges of South America. 

It will be observed that the smallest of these ranges &ce the 
smallest oceans; and that the greatest elevations are opposite tp 
the laigest oceans — the low Appallachians facing the ^mall A^ 
lantic, and the lofty Rocky Mountains, a double line of he%hls^ 
facing the broad Pacific By referring to Figs. 131 to 135, it 
will be seen t]bat everywhere the highest mountains-stand frontipg 
the largest and deepest oceans. 

Fig; 131. 



Rocky Mt9, 



FSg.182. 



Appalachian, 




Cordilleras, 



Fig. 133. 



MroMiUan MU, 

MTJfALOMO. 



Fig. 184. 




Siberia. Altai, Bimalayahe, 

The coasts of North America in general are so turned as ;to 
face the widest range of ocean. Hie Appalachian coast does not 
face Burope, but southeast, towards the great <^ning of ifo 
Atlantic ocean, between America and Africa. So the western 
coast does not &ce Asia, but the broadest range of the Pac^ 
ocean. This is a principle of universal application. 

In North America the lai^er ranges show greater , action of 
heat. The volcanoes are found only upon the Pacific slope : alld 
the effects of heat are mostly confined to the borders. Iliere fffp 
no volcanoes and scarcely any metamorphic rocks in the gres^ 
interior basin^ while the effects of heat are everywhere seen near 
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tile oceans. These iacts are in accordance with tiie general prin^- 
ciple, that the nearer the water the hotter the fire. 
^ So, too, the strata along the borders are contorted and often 
overtamed, while in the interior they have scarcely been disturbed 
from their original position. Hence the general principle, that 
,^e nearer the water, the vaster the plications of the rocks. 
- Ih*ofessor Dana holds that this continent has always had the 
aame shape it now has ; that from the earliest times it has grada- 
ally been growing, just as a tree continues to increase in size, 
retaining the same proportions ; and that all the continents have 
always been the more elevated portions of the crust, and the 
oceanic basins have always been the more depressed portions of 
the crust. 



XLEVATIOK OF MOUNTAINS AND STSTSMS OF MOUNTAINS. 

TOe present configuration of the earth's surface has been acquired 
gradually. The different parts of each continent appear to have 
been elevated at different epochs. Mountain ranges are not the 
result of denudation, but of elevation. 
^ T\g. 18«. . 




, Let A B» Fig. 136, represent a mountain nage, with an axis, o^ of unstrat- 
ified rock. Let the three systems of strata, 6 (, c c and d d^ rest upon the axis 
wft, and upon one another, unconformably, and dip at diferent angles, except 
^dt inrhich sappose horizontal Now it is obvious that tibe formations c e and 
55 must have been elevated previous to the deposition of dd ; otherwise the 
latter would have partaken of the upward movement And if there be no 
cvegular member oTthe series of rocks wanting between d and c, it is obvious 
that we thus ascertain the geological though not the chronological epoch, 
when ccwas elevated, ec, however, is unconformable to 6 5/ and therefore 
hb was partially elevated befisre the deposition of c c ; in other words, 5 5 has 
r^xperienced at least two vertical movements. Now this is a just representa- 
tion of the actual state of things in the earth's crust; and hence, by ascer- 
taining the dip of the formations that are In juxtaposition, we ascertain the 
diflbreDt epochs of elevation. 

By the application of these principles, it is found that the mountains of 
Europe have been elevated at no less than twenty-four different epochs : the 
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oldest of which dates as fiur back as the time when the slates of Wostmorelaikl 
were tilted up ; and the most recent (Etna and Yesuvius) is said to be sobcie? 
quent to the deposition of the tertiary strata. 

The distinguished Frendi geologist, M. Klie de Beaumont, has proposed aa 
elaborate theory for the elevation of mountains and systems of mountains 
In his work he endeavors to sliow that mountain chains have been ridged ixf^ 
by the plication of the earth's crust as it contracted, in the direction of gr^t 
circles on tho sur&ce. He considers those chams parallel which Me xtpoa 
different great circles, although those circles cut one another in two oppo«t9 
points. Hence, if we prolong the course of a system of mountains, or gf 
strata, so as to form a great cirde on the globe, we shall discover what othet 
mountams were of nearly cooCemporaneous elevation. How &r on diffesnent 
sides of such a circle we may regard the parallel chains as contemporaneous 
is not definitely settled. But it is clear that some latitude is allowable in this 
respect 

Another fact comes in to modify inferences from the preceding statements. 
It is found l^at along, or near, the same line of dislocation and elevati(H), 
mountams have been raised up at different epochs. 

Hence coincidence or parallelism of direction does not prove systems of 
strata to be contemporaneous. But we must rely on the age of the formations 
disturbed to prove the epoch of elevation. 

Beaumont thinks he can identify, in North America, at least four of the sys- 
tems of mountains which he lias described in Europe, by a prolongation hither 
of the great circles with which they coincide in Europe. One is the System 
of Morbiharij which is very ancient, and which shows itself in Labrador and 
Canada, and passes northwest of Lake Superior to the Lake of the Wood^ 
The second is the System of BcUUmSy which embraces a large part of the coal 
fields of New England, Pennsylvania, Virginia, and Tennessee. The third i^ 
the System of the ThuringerwM^ which he finds in the copper region of Lake 
Superior, eta The fourth system is that of the Pyrennees, which was plicated 
between tho cretaceous and the tertiary periods. 

It is supposed by Beaumont that mountain chains have been, to a great ex- 
tent, suddenly elevated hj paroxysm^ movements, not by slow upheaval, and 
that such sudden emergence of large areas has produced those destructicma 
of Ufe on the globe, whidi seem for the most part to have been sudden and 
general. 

Most geologists adopt the fundamental principle of Beanmont^s theory, buf 
are unwilling to accept his ultimate conclusions. There is too much room fbt 
the play of &ncy in tracing out contemporaneous mountain chains on distMit 
continents. Most of the ranges may be theoretically accounted for, by the 
reciprocal influence of ooeans and contments upon eadi other. 



THB SABLIBST STATE OF THB BABTH. 

The theory of internal heat extends no further back in ftfe 
World's history than to the time when the globe was jn a state of 
fusion from heat. But the mind naturally inquires what the con^' 
dition of the world was at its commencement, or at the earlic&t 
period of which we can obtain any glimpse. The earliest record^ 
are so vague that different answers may appear equally satisfac- 
tory to tho same question. Hence it is that so many theorks of 
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the earth hsve been faflures, as well as a canse of ridicule to geolo^ 
gists. It belongs to other sciences than geology to investigate the 
most remote condition and the causes of the earth. 
, An hypothesis is advanced by the advocates of original igneous 
fluidity, which supposes that previous to that time, th^ matter of 
IJie globe had been in a state so intensely heated, as to be entirely 
dissipated, or converted into vapor and gas. As the heat was 
gradually radiated into space, condensation would take place ; and 
this process would evolve a vast amount of heat, by which the 
materials would be kept in a molten state, until at length a solid 
crust would be formed as already explained. 

Analogies in favor of this hypothesis. — 1. The nature of comets shows that 
worlds may be in a gaseous state. They have leas solidity of coherence than ' 
a doud of dust or a wreath of smoke, as stars are visible through them, with 
no perceptible diminution of their brightnesa Some of them have more 
density toward their nucleus, and others appear to become denser throughout, 
at each successive return. Th^ are self luminous. * In these &ct8 there is a 
striking resemblance between comets and the early condition of our planet, 
according to this hypothesis. 

2. The nebulae appear to be similar in composition to comets, though not 
yet actually converted into comets. They prove that a vast amount of the 
matter of the universe actually exists in the state of vapor. 

3' The sun, and probably the fixed stars, appear to be examples of immense 
globes so far condensed as to be m a fluid state of intense heat 

GEOLOGY OF OTHER WORLDS. 

If we assume the history of the earth to be according to this hypothesis, 
WO hi^ve a standard by which to jud^e of the advance of other worlds in 
yoQ process of refrigeration. The comets and some of the nebulae appear 
to be in the earliest stage of the process. They are gaseous, probably from 
excess of heat, yet are gradually condensing. The sun is apparently in a 
s^ato of igneous fusion ; such a condition as the earth was in during the 
f^eeond stage of refrigeration. In the third stage of the process, worlds be- 
eome opaque, like the planets ; but w© may suppose them to be in different 
4§Krees of advancement. The planets beyond Mars, (excluding the aste- 
roids), appear to be in a liquid condition, but not from heat, and therefore 
may be composed of water, or some fluid lighter than water ; or at least be 
covered by such fluid. 

Mars, Yenus, and Mercury, most nearly resemble our world. 
Astronomers have fancied that upon Venus the outlines of conti- 
nents can be traced, and that her poles are annually covered 
with snow, which in its season is melted and disappears. And it 
seems to be enveloped by an atmosphere like our earth. 
^ But the state of the moon, as the nearest heavenly body, has 
been most accurately ascertained ; and it exhibits the most aston- 
ishing examples of volcanic action, though it is not certain that 
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any volcanoes upon it are now active. But craters, cones, and 
circular walls, or moontains, exist of extraordinary dimensions^ 
Some of the cones are nearly 25,000 feet high ; and some of the 
craters, 25,000 feet deep, below the general surface ; and the latter 
are of various diameters, even up to 150 miles. The inside of 
some of these craters presents all the wild and jagged appearance 
of similar rocks on our earth. Of the mountains and cavities of 
the moon, about 1,100 have been measured with great accuracy, 
and we have a more accurate map of the surface of the moon 
turned towards us, than of our own planet. There appears to be 
no water or air upon its surface. 

Fig. 137 is a sketch of one of the most remarkable volcanic regi(Hia in the 
moon, seen a little obliquely, called Heinsius. 



Fig. IST. 




VoUanoet in the Moon. 

The question of the habitability of other worlds geology does not answer, 
fiirther than to suggest that beings of such an organization as man could not 
exist in the intensely heated celestial bodies, or upon planets whose specific 
gravity or want of water and air present insuperable obstacles to his abode; 
Whether such worlds are inhabited by other orders of bdngs is a matter of 
conjecture. If the moon was inhabited by beings like men, it must be that 
their works would be noticed by our powerful telescopes, fi>r objects can b^ 
discerned throuj^ them having a diameter of 300 feet 
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SECTION VI. 

/ 
J I 

MSTAM0RPHI8M OF BOCKS. 

The metamorpbisin of a rock is its transformatioB from one 
Innd into another. Conseqaentlj it takes place after the original 
formation of the rock. 

- llie t^m **" metamorphie rocks" has l>een used by Sir Obaries Ljell and 
p^ers in a much more limited sense, to designate a class of rocks (mica schist, 
taloose schist, gneiss, etc.) that have been so transformed as to have become 
crystalline, and to have lost, for the most part, their original structure. But 
this is only one case of metamorphism. Professor John Phillips, also, limits 
tnetamorphism to rocks that have been altered by heat ; whereas it appears 
that water and other agents have played quite as important a part in the 
change as heat 

Agents of Metamorphism, — Heat is a most important agencyi 
and a certain degree of it is probably indispensable ; and yet other 
agencies effect important transformation of rocks at a temperature 
not above that of the atmosphere generally. Yet the most strik- 
ing examples of metamorphism were first observed in the vicinity 
of trap dykes, where chalk was changed into crystalline limestone, 
clay into clay slate and mica schist, and fossils were obliterated. 
Hence it was natural to suppose that whenever such effects were 
seen, dry heat had been the cause, since the trap dykes were re- 
garded as having been once in a melted state. But it has been 
found that other agencies might be concerned even in the case 
of dykes. 

Water is one of these agents. It acts in two ways : first in 
connection with heat, secondly by its power of dissolving all rocks, 
and as the carrier of chemical reagents to aid in the work. There 
is a third mode in which it sometimes prepares the way for chem- 
ical metamorphie action, viz., by freezing in the minute fissures of 
rocks, and thus opening them to the influence of decomposing 
agencies. 

Professors W. B. and R. B. Rogers subjected forty-eight epedea of silicious 
thinerals, rocks, glass, porcelain, etc., to the action of pure water and of water 
charged with carbonic acid. The minerals and rocks were such as feldspar, 
hornblende, aogite, shorl, mica, talc, chlorite, serpentine,' ei»dote, dolomite, 
chalcedony, obadian, gneiss, greenstone, lava^ etc., and the result was, that 
all of them were acted upon by the carbonated water, and in a slight degree 
by pure water. Quartz was not among them. Tliis, in a pure state, is ab- 
solutely insoluble by water or by any acid save the fluoric. There is a Ibnn 
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of sOica which is soluble, and if it be conyerted into silicates, as In most c€ 
the minerals used bj ProfessoFS Rogers, it is soluble, and is found in most 
mineral waters. The decomposition of those silicates is accomplisbed in a* 
variety of ways, and usually leaves an excess of silica in a fiee state, which, 
forms quartz. 

Pow deep water penetrates into the crust of the earth we know 
not. But we know that it possesses an astonishing power ol 
working its way into fissures and pores. Especially when epi^ 
verted into steam, and kept in by strong pressure, we can hardly 
set bounds to its intcrpenetration. We know that rocks deposited 
in water are several miles thick, and in some of them water is 
chemically combined. 

We might suppose that the increasing heat as we descend into 
the earth would expel fdl the water, or at least drive it near the 
surface. But the phenomena of volcanoes leads to a different 
conclusion. The immense quantities of steam that are poured 
forth from the craters demonstrate the presence of water at mr 
great depth, as do the eruptions of mud, called Moya, in Boutin 
America and in the Cancacns, and which in one volcano in Jav» 
became a river of mud and diluted sulphuric acid. But the most 
remarkable fact of all is, that ejected molten lava probably owea 
its liquidity to water. When a stream of it is poured forth, steaia 
escapes from the surface, and a crust is formed in conseiquencei 
which prevents the escape of the condensed steam within, exc€|it 
when cracks are formed ; and hence the fluid state is preserved 
within for a long time ; nor till that has escaped will it be con« 
solidated ; so that in the opinion of some of the ablest writers on 
volcanoes, such as Scrope, liquid lava is an aqueo-igneous fusion. 
The heat is found to be not high enough to produce liquiditjr 
without water. i 

Suppose, now, the water in the stratified rocks to be highly 
heated, and yet essentially imprisoned by impervious strata at the 
surface ; it is easy to conceive that they might reduce the rocks 
to a fluid or semi-fluid condition without destroying the planes of 
stratification or producing a complete fusion like that of lava. lii 
that state such chemical changes might occur as would give a 
crystalline structure, form new simple minerals and produce plane^ 
of cleavage, foliation and joints. 

But though hot water and steam would produce powerful raeta- 
inorphic effects, they would be very much increased if we suppose 
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that water to contain in solution chemical agents of great power ; 
for instance, carbonic, sulphuric and muriatic acids, sulphuretted 
hydrogen and alkaline carbonates. There is no rock, except, per- 
haps, pure quartz, that could withstand their combined action. 
They would all be softened and made so plastic, that in the course 
erf centuries all the changes exhibited by metamorphic rocks 
might be brought about. 

We have a very striking example of such agencies in the account given us 
)ay Forest Shepherd, Esq., of the " Pluton Geysers, of California." These are 
Hot springs, which throw out intermitting^y and spasmodicaliy, powerftil jets 
of steam and scaldiog water ; their lemperature vaiying from 93** to leS"" . 
Fahr. Sulphuric acid and sulphuretted hydrogen, at leasts accordmg to Mr. 
Shepherd's account, are present-, and probahly other energetic ingredients. 
Soya Mr. Shepherd, *' you find yourself standing not in a solfiitara, nor in one 
of the salses described by the illustrious Humboldt. The rocks around you 
aie rapidly dissolving under the powerful metamorphic action going on. Por- 
phyry and jasper are transformed into a kind of potter's clay* Pseudo-trap* • 
pean and magnesian rocks are consumed, much like wood in a slow fire, and 
go to form sulphate of magnesia and other products. Granite is rendered so 
soft that you may crush it between your fingers, and crush it as emly as 
bread unbaked. The feldspar appears to be converted partly into alum. In 
the meantime the bowlders and angular figments brought down the ravine 
and river by iloods, are being cemented into a firm conglomerate, so that jt is 
difficult to dislodge even a small pebble, the pebble itself sometimes breaking 
before the cementation yields." Mr. Shepherd adds: " the metamorphic ac- 
tioa going on is at this, moment effecting important changes in the structure 
and conformations of the rocky strata. It is not stitionary, but apparently 
iQOving slowly eastward in the Fluton Valley." (Am. JbUm. SeL, ykA. xii., 
Ka 3, pp* 157, 168). 

This spot seems to be an opening into the .great laboratory of 
nature, where we get a glimpse of the mighty work she has been- 
carrying on in almost every part of the earth's crust during the * 
past geological ages. We have reason, however, to believe that 
the action wate more powerful in past times than at present, be- 
cause the earth's crust was thinner, and volcanic agency more 
common and energetic. Yet at the Pluton Geysers it is energetic 
enough, and that too at a very moderate temperature, to melt 
and transform all known rocks, unless it be pure quartz. 

But though a very high degree of heat does not seem to be 
necessary to most cases of metamorphism, yet it is essential that 
there should be an increase of it in newly formed' strata, that they 
may be changed ; and how m<iy we suppose this to have been ac- 
complished. 

An eminent mathematician, Professor Babbagc, in 1834, pro- 
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posed a theory to show how the smfaces of equal temperature 
within the earth's crnst might experience changes in a vertieal 
direction. Thos, suppose A B, Fig. 139, to he the ocean's s^ 
&ce^ and A D its hottom, rising into a continent above A. Le§ 
G F be a line of equal temperature, say two miles below thd^ 
ocean's bed, which line would be essentially parallel to the sor*- 
face. Let now the accumulations of sand, clay, and gravel, whlcii; 
are constantly going on in the ocean, raise its bottom to A C. 
This coating of non-conducting materials would prevent the esei^ 
of the heat, which rises from the heated interior, and cause it to 
accumulate at a higher level, so that the isothermal GF, (line of 
equal temperature), would rise to GE; that is, as high as the 
bottom of the ocean had been filled. The increase of heat might 
be sufficient to produce the metamorphisms which we find many 
of the stn^fied rocks to have undergone. 

Fi& 138. 




Another consideration deserves to be taken into the account. - 
Different beds of rock require for their fusion, or semi-fusion^ very ' 
very different degrees of heat. Hence, heat permeating upward 
through the successive beds A, B, C, D, £, Fig. 139, might almdst 
entirdy melt some, (D) partially fuse others, (B) obliterate tSoA ' 

Fig. 139. 
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fossils in one, (E) and leave them more or less distinct in others 
(C and A). This is exactly what we find in the earth, and what 
W6 might expect in theory. 
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AoD^^r fact may be explained on the same principles. If we 
examine a rock formation over its whole horizontal lurface, we 
dbdl find sometimes that it has undergone very different degrees 
ef mctamorphism in different parts. In one portion of the 
field we find that the original rock has been transformed into 
gn^ssy and in another into mica schist, (as in the Hoosic Moun- 
tain range in Massachusetts), in another part (as* in Canada), but 
IHtle altered, and containing organic remains. The statements 
si>ove made show us how these different degrees of metamor- 
pl^ism might have occurred, either by the different degrees of 
fiEisil»Hty in the materials, their different composition, or the 
greater or less amount of heat introduced into them. 

The above &cts and reasonings authorize a more sweeping con« 
fusion, viz., that almost every rock is capable by metamorphism of 
being converted into almost any other. It is usual to suppose that 
tve are to find in the metamorphic rock only the ingredients that 
eidst in that from which it was derived. But if the latter be 
made plastic by aqueo-igneous agency, why may not the water 
present contain other ingredients not in the original rock ? And 
who can set limits to the varieties of rocks that might thus be 
produced. 

In view of such facts, also, we can readily assent to Bischoff's 
conclusion, when he says, " the mineral kingdom, therefore, con- 
tains nothing that is unchangeable, unless, perhaps, it be the noble 
ntetals, gold and platinum." 

A third important agency in metamorphism is the atmosphere. 
Its &>ur constituents, nitrogen, oxygen, carbonic acid, and aqueous 
vapor, all act upon the rocks, not merely at the surface, but by 
means of water they are carried deep into ihe earth, to furnish 
probably a large part of the chemical agents that are active in 
metamorphism. Thus nitrogen and oxygen uniting form nitric 
acid, and nitrogen combining with the hydrogen resulting from 
organic changes, forms ammonia ; and both these agents, nitric 
acid and ammonia, carried by water into the crust of the earth, 
form very energetic agents of change, we know not how deep. 
Carbonic acid, also, is soluble in water, and is thus introduced 
among the rocks, which it dissolves by direct action and by unit- 
ing with other ingredients to form other reagents. There is 
enough in the atmosphere to contain 2,800 billion pounds of car- 
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bon, and this carbon acts as a carrier of the atmosplicric oxygen, 
first introducing it among the plants and rocks as carbonic acid, 
and leaving it by other combinations to escape again. These at- 
mospheric agents operate quietly, but the amount of disintegratiba 
'exhibited almost everywhere by the rocks show that the work is i| 
jnighty one. The atmosphere, which, as we breathe it, seems so 
bland and inefficient, is, in fact, silently crumbling down the solid 
rocks, we know not how deep, with a power compared with "whioS 
the effects of the quarryman and the miner are m^e infinites* 
imal blows. 

A fourth metamorphic agency at work in the earth is galvanism. 
All chemical changes do, indeed, imply thB presence of this force.; 
but we know of no other agency which, in rocks but partially 
plastic, could transfer ingredients from one part of the mass to an- 
other, as seems to have been done and to be now doing. Thus, a 
vein of copper ore has been divided by a transverse crack, so that 
the two ends were separated some inches. But the fissure ^^as 
subsequently filled with sand, and after some years it was found 
that the vein was continued across the opening by the introduo-^ 
tion of copper, pre. Again, how but by galvanism can we ex- 
plain the production of cleavage, foliation, and joints! The&«r 
have required a polarizing force, and galvanism is such a force. 

Having pointed out the most important agents of metamorphism,* ' j 
we proceed to enumerate their effects as they have been trac^ . 
out in nature. ' - V ' 

1, Plasticity of the older rochs subsequent to their consolidcUion..i:^; 

This has not hitherto been laid down as an admitted principle : but sati^ ^ >u»* 



factory proofs of its truth have &Ilen under our notice, whieh its impoFtanoe/ 
leads us briefly to state: ' -. . ft- 

1. It is admitted generally by geologists that the stratified rocks were 4d« ' ^-^ . 
posited from \<fater, and consequently with the exception of a Toiy few, i»^ "^i 
haps, that crystalized at once from solution, they must have been in a $s^ ' J^ 
state. In £icf, they must have been mere accumulation^ of Inaterials m(a&^it ..'it^ ' 
less ground down and brought together by mechanical agency. '"^flfe' 

2. These materials must subsequently have hardened into rock, in ordfat t6' I^F* 
form shales, sandstones, conglomerates, and fossihferous, earthy and compmat- ' 'f 
limestones. Though the cementing material of such rocks must have beat 
under the influence of chemical agency, yet the grains and fragments of th»'^ 
body of the rock remain nearly unchanged, bearing decided marks of the' 
mechanical forces by which they were crushed, roimded, and comminuted. 

3. But subsequently these rocks must have been brought into a state moro , 
or less plastic. This was indispensable in order to produce the foUowingf 
effects, which we And these rocks to have expenenced. 

1.. Their texture has been more or less changed from mechanical into crya- 



PLASTICITY OF BOCRS* 



m 



tallUie. We find the process indeed in all its stages, and this enables us to 
prove that it has actually taken place. 

2.' The organic remains in these rocks have been sometimes elongated, or 
otli^rwise distorted, so as it C6uld liave been done only while m a plastic state. 
More often these remains have disappeared entirely, and a crystalline texture 
has supervened. This could have been done only by chemical agency, while 
the materials were in a yielding state. For a change of crystaJlization can 
take place only where the particles are free to obey the laws o£ molecular 
action for bringing them into new positions. 

= 3. The strata and folia of rocks now highly crystalline, have been subject 
^ rranarkal^ foldings and contortions, such as only a plastic state of the ma- 
terial will explain. Fig. 18, m Section I., represents a block of gneiss, and 
interstratified hornblende schist, six feet long, obtained from the bed of Deer- 
field river, at Shelbume Ff^ls, in Massachusetts, and now a part of the geologi- 
cal oolleotion at Amherst College. No geologist will doubt that medianiod 
pressure miftt have produced the beautiful curvatures of the layera It may, 
ii^eed, be supposed that the foldmg took place when the materials were in 
the form of clay. But it is doubtful whether such great perfection in the 
ourvatures could have been produced' in clay, and retained through all tlie 
fitri>sequent changes which nave resulted in a highly crystalline condition. 
Homover, some of the foldings in this rock have an angular sharpness which 
w» havd never seen in clay, as in the subjoined sketch. |a Fig. 140, taken at 
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the flame locality' ; and, indeed, the specimen exhibited on Fig. 18 shows to 
the eye a multitude of such curvatures too minute to be exhibited on the 
drawing. They seem to be the result of strong pressure on fine folia of rock, 
and having somewhat of stiffness, so that a lateral Ibrce would crumple it up^ 
lather than produce regular curves. 

4. Granitic veins and trap dykes in the ciystalline rocks have been subject to 
disk>cations and foldings, such as indicate a semi-plastic condition of the rode 
into which they have been injected. We g^ve only two examples to illus- 
trate this argument The figure below (ilg. 141) shows a vein of granite 
(nearly all feldspar) in micaceous limestone, which has neither foliation nor 
stratification. But that the vein fills a cradc in the limestone is obvious from 

its tapering to a point at one end.- Yet 
it is impossible that a rock could have 
been split open in such a serp^tine 
course, with pieces of the rock' pro- 
jecting one or two inches on tlie side^ 
yet often not a quarter of an inch 
thick. Our theory, therefore, is, that 
when the crack was made and ^Ued 
(not, probably, by ii^ection, but by 
deposition fix»n aqueo-igneous fusion^ 
it was not so crooked as it now is^ but 
was subsequently crumpled up and the 
folia obliterated by the semi-fuskm. 
The vein is certainly not one of segre* 
gation,. as that term is usually under- 
stood ; for how improbable that gran- 
ite should be segregated from lime- 
stone? Neither can melted matter 
have been injected into it medianic- 
ally, without tearing off the projecting 
laminse of rock. 

The next case is that of a trap of 
greenstone, possibly doleritic dyke ^ 
gneiss, in a bowlder four feet in diam- 
eter, found in Pelham, Massachusetts. 
This dyke, nowhere more than two 
inches wide, encircles the whole bovflr 
der ; but on one side the two tapering 
extremities are separated about fitv 
inches by mtervening gneiss. On «1mI 
other side the dyke appears to haig 
been fractured and the ends separatlclf 
say half an inch, as shows in fig. 149f 
Yet the whole rock shows very 4i8- 
tinctly the foliated structure of firml/ 
compacted gneiss, whose layers m 
entirely parallel, save that for artbf; 
inches between the extremities o^ 
the dyke they are turned aside a (eif 
degrees, as shown below. 

No one can look at this rock withool 
being satisfied that the gneiss musi 
have been in a plastic state when the dyke was formed, and especially wh«ni,' 
by a lateral movement, it was broken oS, In this case theie is ao appearanqif 
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of a crois fracture aloAg which the broken dyke might have slid. Whatever 
Jatend movement there was — and there must have been one— the materials 
ivere in such a state as to fill up the fissures entirely with crystalline rock. 
BuVthis most have been subsequent to the consoUdation of the rock , for it 
must have been more or less sohd in order that a fissure should be formed in 
It fixr the introduction of the trap. 

^ . $. Some conglomerates, with a p^te of talcosc schist as a cc^ 
ibeni, and therefore highly metamorphic, have had their pebbles 
Ungated and flattened since their original consolidation. This is 
ike most decisive of all the proofii of the proposition tinder con* 
ii^eration, and as it has never been adduced, to our knowledge, 
lfe& most dwell a little upon it 

~- We have found two very decided localities, and widely sepa- 
^Mted, to which we can appeal for examples. One is near New^ 
port in Rhode Island, only a little over two miles east of the town, 
^at withia the limits of Middlctown. Perhaps the phenomena 
are most strikingly exhibited at the place called Pulsatory. But 
^6 range of remarkable conglomerate commencing tliere extends 
Wr Or five miles northerly, retaining essentially the same charae* 
t^r In iockmg at the rook one is e^ah wi^ thre# peculimritiei^- 
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One Is, that it seems to consist almost entirely of pebbles and 
bowlders, with very btUe cement. Another is, that the pebbles, 
eridently rounded by attrition, are elongated, and the longer axes 
are ail jarailcl. The extension is often very great. "We have 
seen some of the pebbles or bowlders four and even six feet lon^, 
and not more than a foot in diameter in the middle. They often 
resemble a mass of candy or wax that has been drawn oat when 
warm — ^as in the pebble ten inches long shown below, on Fig. 145. 

Fig. 14a 




A third cirenmstance is, that tike masses of this rock are crossed 
at short distances by very distinct joints, which generally cut tbe 
pebbles in two with the cleanness and often the smoothness of a 
knife. They run east and west, or at right angles to the strike of 
the rock, and are perpendicular, so that when masses of the rock 
have been removed vertical walls remain, often ten to twenty feet 
high, showing the cut-off pebbles most distinctly. Acres of these 
walls may be seen in an hour's walk. 

If the pebbles be carefully examined, many of them will be found 
flattened by a force acting at right angles to their longer axis, bo 
that a cross section will approach a square or parallelogram, as in 
the sketches below, on Fig. 144, taken firom two pebbles from two 
to fourteen inches across. 

Fl<f. 144 




The pebbles are nearly all a gray, rather compact quartz, some- 
times white, and approaching the hyaline variety. On breaking 
the pebbles, however, many of them seem to have Undergone 
some change, veiging towanis talcosc schist, and their sur&eea^ 
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as If ell Bfi the talcQse cemeati aare tbicUy set #ith amalt octabedral 
crrfitaU of magnetiG iron ore. 

These facta lead ine^tably to the condiiskm that the rock hat 
been in a somewhat j^astie ooadition since its original consolida* 
tion. The ease is even stronger than thai of the eloi^;ation and 
distortion of brgapic remains, and these by: common consent are 
ihus explained. Whether we can tell exactly how the elongating 
and compressing force operated, we are sure that these pebUcs 
must have been acted upon bj it in a direction perpendicular to 
the stiike \ and if they had not been softened, though they inight 
have been crushed, they yrould neither have been elongated npr 
flattened. 

At tiie other locality, which is in North WalHngford, Venno;nt, 
where the pebbles are cemented by talcose schist, they are not as, 
much elongated as at Newport, periii^ ; but some features are 
shown more distinctly. Though the pebbles are mostly quarts, 
they are occasionally granite and probably some other rocks. The 
quartz iS white, almost hyaline, and much purer than that at New- 
port Yet have its pebbles been so compressed and bent as to prove 
liicm to have been in a plastic condition. Fig. 145 shows them 
as they appear on the surface of a joint crossing the layers at 
right angles. Fig. 140 shows a single pebble, ten inches long, 
not only elongated but bent. 

■ Fig.145- ' ' ' ' '\ : 




Fig:14«i 




The same bending is manifest on the cross sections at Newport^ 
but we did not notice ^my examples quite so striking as atWal- 
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lingford. The conglomerate at the latter plac^ which freqixentiy - 
passes into the green talcosc schist that forms its cement, has a high 
westerly dip. Tlie pebbles were deriv^ for the most part from; 
quartz rock sach as is abundant along tiie west side of tiie Green 
Mountains, which may be of Devonian i^e. To prove this sen^ . 
plastic sobseqnent to consolidation, is to make it probable that aH 
rocks exhibiting a similar metamorphism were so also ; f<Hr qotfts. 
is the most difficult of all to bring into that condition, and did i»('. 
facts compel us to admit it, we should perhaps say it is inat^- 
possible. 

6. The superindoced stractares in the crystaUine slates and schists, sh6w 
that they must have been in a semi-fluid state when these were made. We 
refer to cleavage, lection and joints. Whatever theory we adopt as to tb^. 
mode of formation, a yielding state of the ingredients was essential, whether 
we suppose with Sdr John Herschell, that cleavage is a sort of crystallization 
in plastic materials, or that, as Sharp and Sorfoy maintain, it has resisted firom 
compression and extension ; or, as to foliation, i^ as David Forbes supposes, it 
has resulted from chemical action ; or, as to joints, if we regard them as due 
solely to i^rinkage and fracture.. In all these cases, however, of cleavage^ 
foliation, and joints, (we add the latter because they seem to us to belong, to 
the same general class of phenomena, and not to be explicable by simple 
mechanical agency,) we must, with Professor Sedgwick, suppose polarizing 
forces (ex. gr^ heat or galvanism), to have been coiroemed, and these re<^iire 
the molecular movement among the particles which on^ plasticity can give.,. 
We know that joints are sometimes found in rocks that have not boen much' 
softened, and of course chiefly by mechanical agencies ; but we<lo not b^eve^ 
that such as occur in the quartzose conglome^ttes of Rhode Island and Yer- 
mont could have been formed, such as they are, if the whole mass had. aot 
be(Mi i^astic. But here is not the place to go into details on such a point. 

7. The insensible passage of schistose into unstratified rocks, (gneissi for 
instance, into granite,) affords a presumption that the former have been in a 
semi-plastic state. For all admit the fluidity of granite, either simply igneous 
or aqueo-igneous. But if we can hardly tell, of&n, whore the one ends an<i- 
the other begins, it is fair to conclude that the unstratified have resulted from 
the more thorough and complete operation of the same agency that produced, 
the stratified ciystalline group, l^is argument, however, would only show 
that the sdiistost rocks have been plastic^ but gives us no information as to 
their previous consolidation. 

We should not have spent so mudi time on this suliject had it been dis- 
cussed in other elementary wori^s^ and did it not seem to have a modt impor- 
tant bearing on the whole subject of metamorphism. Admit tne schists to 
have been in a plastic state subsequent to their consolidation, by tbo agency 
of hot water, steam and other agents, and the whole subject of nietamor- 
phism is easily explained. But deny this, and the phenomena seem inex- 
plicable. 

We resume now a detail of the effects of metamoridusm. Several of these^ 
however, have been touched upon in the preceding argument, and will need 
but little farther notice. 

2, A second effect of metamorphiem is the abstraeiion of one or 
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ifk>r^ t^iht ins^redienU ofroehs and simple minerals, U a calca- 
rebos sandstODe, for instance, should be permeated by water con- 
tiliting some ingredients that would abstract the carbonic acid, a 
pdfOus quartz rock would remain, with perhaps some silicate of 
litiie. Most of the magnesia of the talcose schists of the Green 
aiid Hoosic Mountains has been removed, as the chemists prove 
by analysis. If one or more proportions of oxygen were abstracted 
fi^ioai peroxide of iron or manganese, quite different ores would 
Insult. In this way have many of the simple minerals and many 
of the rocks been essentially changed. 

3. Similar results, only more complicated, would result from 
the introduction of new ingredients, held in solution by the water 
difii»ed liirough the plastic materials. Hence mineralogists reckon 
a large number of what they call pscudomorphs ; that is, minerals 
idiich have tiie crystalline form of other minerals whose cavities 
they occupy. In this way, too, the characters of rocks may be 
eissmitially changed. 

4. Though the problem be often quite difficult, yet chemical 
geolc^ists have been able to point out a great number of these 
metamorphoses in the rocks with much probability, by comparing 
the composition of the unchanged with the changed. We give 
some examples. 

^^Uttf dal» has been cotrvertod mto ndoa sdust^ taleoM sdiis^ gn^M| and 
granite. 

^The ari^;m of clay date from day is obvious to the most ocmmion ini^eo- 
tioiL 

Almost any of the uSicioos sedimentary rodcs can be converted into mica 
schist Indeed, band specimens of mioaoeoiM sandstones can hardly be dts- 
t^giubihed from mica schist Tliis rode has also been derived torn chlorite 
schist and from greenstone. 

Mica may be produced from fddspar. That in sandstone was not improb- 
idb^y Ibrmed by the agew^ of meteoric water, subsequent to the d^KMiticm of 
the sandstone. 

Talc, steatite^ and chlorite have been found to result^rom the decomposition 
of feldspar, hornblende, augite, garnet, mica, etc. The excess of silica in 
ttiese minerals may have produced the quartz in talcose and chToritic schists. 
^ Pulverulent carbonate of lime, such as chalk and marl, readily becomes 
eiystaJIine or saccharine by being brought into a liquid condition, as is some- 
times seen in the vicinity of trap dikes. 

BiBchoff contends that dolomite, which is a double carbonate of lime and 
magnesia^ is produced wherever there is '* a formation of carbonate <^ lime by 
water containing bicarbonate of magnesia, which is one of the most common 
constituents of spring water." Hunt, of the Canada Survey, maintahis that 
** dolomites, magnesites, and magnesian marls, have had their origin in sedi- 
ments of magnesian caibonate, formed by the evaporation of solutions of bi« 
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carlxmato of mi^gnesia :" which solations have resqited from the ^teeo m posK 
tion of sulphate or chloride of magnesium hy bicarbonate of soda. — Am. Joitr. 
Sd^ vol. xxviiLj p. 383. 

Serpentine and other varieties of rock that come under the general denoia* 
ination of Opblolites, are essential!/ hydrous silicates of magneaa. Tala 
chlorite, and steatite, have so nearly the same chemical constitution, that 
thej may easily pass, and -doubtless have often passed, into one anothep-<^ 
more often probably from the schist into serpentine th^n the reverse ; aa^ 
that, too, most likely, in the wet way, although serpentine is usually as un- 
Btratified as granite, and sometimes has in it distinct veind of chlorite,' as 
at New Fame, in Vermont Greenstone and diorite, also,- pass into serpen-' 
tine, which is probably formed out of them. Hornblende, feldspar, and mica, 
have likewise been converted into serpentine. In tlie very probable opinion 
of Sir WUliam E. Logan, the abundsmt serpientines of the Green Mountam 
range have resulted from changes in silicious dolomites and magiiesite^. . Qthcr 
minerals and rocks might be named as capable of producing serpentine by 
metamorphism; such as garnet, olivine, chondrodite, gabbro, eta As it ia 
one of the final products of mineral alteration, it is one of the most permaneot 
of rocks. 

Quartz rock, being insoluble by water or acid, " appears," in the opinion of 
BischoS; *^ in all cases to be a product of the decomposition of silicates in the 
wet way." This opinion certainly seems plausible. But when we examino 
mountains of almost pure compact quartz, certainly 1,000 or 2,000 feet high, 
it seems difficult to conceive how all the other ingredients could have beea 
separated so entirely, and leave the quartz In such enonnaua solid masses; 
and we must think that geologists have yet something to learn as to it9 
origin, and that they will find that in some way or other it has been in ai 
plastic state. 

The changes that are found to have taken place in the ores of iron, are tt 
good example of metamorphism. Starting with the carbonate, it is first 
changed into hematite, both hydrous and anhydrous, next into .specular ore, 
and then into the magnetic protoxide. 

Carbonaceous matter affords another good example. Pc^t, whioh is par- 
tially decomposed vegetable matter, is the first stage of the metamorphosis.; 
This, permeated for ages by water, and covered by aqueous d^X)«it8, will be- 
come lignite, or brown coaL The next step develops bitumen, even witix- 
oul much increase of heat above the ordinary sur&oe temperattire. By still 
more poweriul metamoiphic action, probably heat expels the bitumen and 
leaves anthracite, A Ihrther step in the process produces graphite, or black 
lead, and perhaps the ultimate produce is diamonds. 

Change of slate schistose rocks, conglomerates, and breccias into granitic 
rock is metamcffphism. Theory makes such changes quite possible and prob- 
able, and observation shows that they have been made. For example, along^e 
west side of Connecticut Biver, in Vermont and Massachusetts, are numerous 
hills and mountains of syenite and granite. In several places, as in Granby^ 
Mt. Bamet, Ascutney, and Whately, the granitic rocks are a syenitic con-; 
glomerate, that is, the syenite ooutsun rounded pebbles of quartz and Schist, 
and CSX the margin of the deposit, as on Littie Ascutney, we find the origin^ 
conglomerate from which the syenite is formed. There is reason to su{^K»se^ 
tliat a large part of the granitic rocks of New England are merely trans- 
formed slates, schists, and conglomerates. Granite seems to be the mostr 
complete form of metamorphosis. 

The following statements may be regarded as inferences from the doctrinea 
of metamorphism as above developed. 
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1. We see haw it is ihaf azote schists may be interstratified with 
fossilifer<ms strata,'^^ A few examples of this sort have been 
pointed out, especially in the Alps, where wedg^d-shaped masses 
of fossiliferous limestone, of liassic age, have been intercalated 
among the strata of gneiss. Indeed, strata of eocene tertiary 
have been converted into crystalline gneiss, mica schist, and even 
into granitic beds. In our conntry not many analogous cases have 
been pointed out We present one, which fell under our notice 
in. the town of Derby, on the east shore of lake Memphremagog^ 
in Vermont. The section below, in Fig. 147^ will give an idea of 
this case, as we understand it Here, as we ascend a hill of mod-^ 
erate elevation, the strata succeed one another in the following 
order ; mica schist, granite, fossiliferous limestone, (Devonian), 
granite* mica schist, granite, mica schist, limestone, schist, etc; 
Some of these itnasses, especially the granite, may be somewhat 
wedge-shaped, especially as we follow on in the direction of the 
section. The mica schist is highly cr]rstalline, containing that 
peculiar species of mica deaominated Adamsite, by Professor 
Shepani 

Fig.l4T. 
5 




Here we have highly crystalline granite and mica schist lying 
above limestone of Devonian age, ijQ which we found enorinal 
stems, and scarcely at all crjrstalline. But we have shown how 
this might take place, vis., by the greater fusibility of the supep. 
knposed and intercalated beds, or possibly by a lateral permeation 
<^ heat and water. 

2. I%e process of metamorphism is still going oru — ^We see it 
more strikingly si, the surikce, especially in regions that have not 
es^rii^iioed the evouona of the drift agency* There the rooks 

10* 
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are manifestly changed, often to the depth of sever^ feet. O^nt 
when we open the most solid rocks, or descend into the deepest 
mines, we shall find minerals nndei^ing alteration — new ones 
taking the place of old ones. Wherever water penetrates, even 
thon^ the temperature be not raised, we may expect mctamor- 
phism. Indeed Bischoff, whose great work on Chemical Geology 
Ibrms almost a new era in geology, regards these changes as 
universal. *' All rocks," says he, ** are continually subject to 
alteration, and their sound appearance is not any indication tiiat 
alteration has not taken place." (Vol. 3, p. 426). If it be so, fb 
shows us how wide and difficult is the field which lies open for 
geological research. 

8. Metamorphism show9 us that the earliest formed rocks on the 
globe may have all disappeared. — ^If we suppose, what geologists 
now generally admit, that the globe has cooled from a molten 
state, the earliest formed crust may have been a granitic rock. 
Now this crust, as a general fact, has been thickening. But the 
process in many places, and, perhaps, alternately all over the globe, 
Jias been reversed. Suppose, by the slow process of erosion, ma- 
terials have accumulated in the bottom of the ocean to a great 
thickness, the effect would be to cause the line effusion to ascend, 
it may be so &r aa to melt off all the rock originally deposited. 
In oUier places erosion mi^t have worn off the upper part of this 
crust, and though this would cause the line of fusion to descend 
and thus add new rock, yet between those agencies above and 
beneath, continued through countless ages, none of the first formed 
crust may remain. Or if any of it is left, it would be impossible 
to distinguish it from subsequent formations. So that the idea oj^ 
a primary granite, or any other rock, in the strict sense of tiie 
term, has no foundation in nature. 

4. Metamorphism furnishes the most plausible theory xyf the 
origin of the azoic stratified rocks. 

The hypothesis that these rocks were deposited in a crystalline 
state, in an ocean so hot that the materials would crystallize, is 
not consistent with what we now know of cbemical geology. 
For water can not hold in solution silicates enough for the pur- 
pose, nor does the order in which the materials are arranged cor- 
respond with that in which they would crystallize if they were in 
solution. No possible reason can be given, for instance^ for the 
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alt^nate layers of quartz and mica, or feldspar, or hornblende, or 
talc, which occur in the foliated rocks. 

The theory of metamorphism has fewer difficulties. It supposes 
(these rocks, originally deposited as sand, clay, pebbles, marl, etc., 
after consolidation, to have been converted again into a plastic 
state by the permeation of hot water and steam charged with 
^owerfiil chemical reagents. We know that this agency is suf- 
jBcient to bring the silicates into a sort of aqueo-igneous plasticity, 
and that is all that is necessary to produce the imperfect kind of 
^[crystallization which the azoic stratified rocks exhibit. It is not 
ihat complete crystallization which would result f^om thorou^ 
solution, either aqueous or igneous, but the original mechanical 
texture sometimes exhibits itself, and many degrees of crystalliza- 
tion are often manifest. 

Some may be inclined to impute the hypozoic, and perhaps, in 
general, more highly crystalline foliated rocks, to some o^er agency 
than metamorphism. But we often find rocks of the same kind, 
and often as highly crystalline, so connected with fossiliferous 
jTocks that we are compelled to regard them as metamorphic, and 
it seems difficult to conceive that the others hare not had the 
same origin. All the difference between the two classes is the 
more complete metamorphism of the hypozoic. We seem com- 
* pelled, therefore, to admit the metamorphic origin of all the azoic 
loliated rocks, or to deny it to them all ; and we can not take the 
latter ground but in defiance of the plainest facts. 

5. MetamarphUm may have obliterated successive systems qf Ufe. 
We know it to have done this in some of the foliated rocks^a 
the schists, for instance — that overlie or are interstratified with 
fossiliferous rocks. It may have done the same with ail the hypo- 
zoic, in all of which no certain examples of fossils have yet been 
(rand, though some bodies of doubtful nature have been described 
in them. 

^ K this conclusion be admitted, it follows that we can not tell 
when life first appeared on the globe, because we know not but 
2U3L indefinite number of organic systems may have been obliter- 
ated. This inference, which some eminent geologists have adopted, 
would be fair, were it not for certain other facts, which we wiH 
^te in the words of . Sir Roderick I. Murchison. ^' In Bohemia," 
at^ he, ^' as in Great Britain and North America, the loweit looe 
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eontftiiiing organic remains ia underlaid by very thick bnttress^i 
of earlier sedimentary accumulations, whether sandstone, schist, or 
slate, which, though occasionally not more crystalline than the 
fosailiferous beds aboye them, have yet afforded no sign of form^ 
beings.'' "• The hypothesis that aU the earliest sediments hare 
been so altered as to have obliterated the traces of any relics of 
former life which may have been entombed in them, is therdbre 
opposed by examples of iendrmonsly thick and varied deposits be- 
neath the lowest fossiliferous roclb, and in which, if animal re- 
mains had ever existed, some traces of Uiem would certainly be 
detected.'' {Siluria,pp, 20, 21.) These facts ought, at leasts to 
make us cautious how we assert the destruction c^ other life econ*- 
omies earlier than the Silurian. 

6. Metamorpkism throws light upon the origin of the granitic 
rocksj such as granite, syenite, and perhaps some varieties of por- 
phyry. The prevailing opinion has been that they consist of 
melted volcanic matter, thrust into every crack in the overlying 
strata, and cooled and crystallized under great pressure and with 
extreme slowness. It is found also, that other rocks adjacent to 
the granitic have suffered mechanical displacement, and such 
chemical changes as heat only could produce. 

Now all these statements are to some extent true, and they show 
the presence of a considerable amount of heat, and some mechan- 
ical action by the granitic rocks. But more careful examination 
shows that granite does not generally form the axis of mountains^ 
nor do the stratified rocks dip away from tiiem on opposite ^ides, 
but often the granite lies between the strata, and instead of hav- 
ing been ihe agent by which they have been Itfted up, it has only 
partaken of the genc«d movement which has resulted from some 
other and more general cause. Moreover, the heat requisite to 
keep granite in a mielted state must be higher than it seems to 
have possessed ; for Bischoff says he could not melt it perfectly in 
the most powerful blast furnace. Again, if it crystallized firom 
such fusion, tiie quartz would be first consolidated, because least 
fusible ; whereas it is found to luive been the last. Granite, also, 
contains not a few hydrated minerals, or such as must have been 
produced in Uie wet way, and its own ingredients can hardly have 
had any other origin. If now we admit the f(^iated rocks to have 
been thought into a plastic state by the jmat action <^ beat and 



70BirATI0K OF ■ YXI2f 8* 229 

water^ why not admit the same as to the granitic rochs f for often 
wc can not draw the line between them — between gneiss and gran- 
ite^ for instance. Their composition is the same, and they differ 
only in the schistos^ or foliated structorc, which often is so nearly 
obliterated in gneiss that we are in doubt whether it be present* 
What can granite be, then, but an example of metamorphism car* 
ned to its utmost limit ; carried far enough to obliterate all traces 
of stratification, hmiination and fc^iationf If water be admitted 
as a principal agent, heated by caloric from the earth's interior, 
and prevented from escaping by thousands of feet of superincum* 
bent rock, complete plasticity would result at a temperature far 
below that required to nwlt granite in a dry state. 

By this view a lai^e proportion of granitic rocks .may be only 
metamorphosed schists. If so, it explains why they have disturbed 
or changed the adjacent strata so little — the chemical influence 
rarely being traceable, more than a quarter or half of a mile. In 
some instances, they may have been thrown up from the melted 
interior of the earth, and possibly in a state of fusion, without 
water. If only five or ten per cent, of water be present, it is cal* 
culated that the heat need not be as high as redness to produce 
the requisite plasticity. 

If it be doubted whether water penetrates so deep into the 
earth'a crust as we know granite to extend, it should be recollected 
that the stratified rocks, all of which were onginally d^>osited 
fimn water, ami iSo for as we can judge, retain more or less of it 
still, are from ten to twenty miles thick. But if even lava owes 
its fluidity in. a measure to water, it. may be supposed to be pre* 
sent in liquid granite with equal reason. In short, whoever 
admits the aqueo-igneous origin of the crystalline foliated rocks, 
will feel compelled to admit the granitic rocks to have restiHed 
ficom essentially the same causes. Nor is the theory very different) 
after all, from that ^hich usually prevailed. It Admits fluidity 
from heat in the materials, and only introduces water as an im- 
portant auxiliary in the work. It is by no means the old Wer* 
nerian theory revived^ for that made granite a deposit from an 
ocean. 

7. MeUtmDrphism (hratoi light updn the fommtUm cf iffhei 
and veifMy whether they heUmg to the granUiCy trappettn^ or vokame 
g^FQupt of roeh.^Vi doea this by iDtrodncing water along with 
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heat as an essential agent ; for this agency will explain some ^scts 
in the history of veins and dikes, which, on the common ^eoij 
of fusion from dry heat, were inexplicable. Thns, when we find 
▼eins not thicker than writing paper (and those of granite, epidote^ 5 
eta, are sometimes as thin, and some <^ trap are less than half an 
inch), it is difficult to see how they could have been filled by oq*: 
jection of melted rock, especially if the walls were not very hot.^jT 
but by means of water the materials conld be introduced wherever. 
that substance would penetrate. Again, in the Silurian rodca of - 
Vermont, on the shores of Lake Champlain, we find numerous 
dikes, both of greenstone and feldspathic rock, either tvachytic- 
or feldstone porphyry. These dikes are in some cases partially 
filled with a conglomerate, or breccia, composed of limestones^ 
sandstones, gneiss, quartz, and granite ; of the rocks, in fiu^t^ that 
occur in the r^on. Now the limestone fragments have lost none 
of their carbonic acid. But this would have been driven off, as 
in a lime kiln, if the dike had ever been heated to redness, or to 
1000^ of Fahrenheit ; for carbonates are decomposed below that 
temperature. This is all consistent if the partial plasticity of the 
dike was aqueo-igneous ; but inexplicable if dry heat alone were 
concerned. Moreover, such dikes must have been filled mechan* 
kdly from above, and this might have been done by the currents 
of an ocean, sweeping into the crevices on its bottom the ronnded 
pebbles accumnli^;ed there. 

8. The fuels of metamorphism teach us that most rocks havs 
wndergoM several entire changes since their original production,"^ 
^ake the unstratified rocks. These have all been cooled and 
most of them crystallized from a state of fusion, either entirely 
^neous, or aqneo>igneous. Here is one change ; but from th% 
vertical movement of the isothermal line in the earth's crust, an4 
the erosions at the surfiu^e, probably all the original igneous roc)^ 
has been remelted and recooled, much of it perhaps several times^ 
If any mass has escaped this second fusion, we know not where i| 
is to be found. 

Take the stratified rocks. Ibese being derived by abrasioq 
from the unstratified, have, of course, passed through the samei 
changes. But abrasion has brought them under anoth^ a 
mechanical change, and water has collected the fragments tc^thei 
at the bottoms of lakes md oc^uuu Suhsequantiy, by c^isplida! 
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tkm and some chemical agent transfused by water through the 
mass, it has become converted into detrital fossiliferous rock. 
Buried afterwards beneath vast accumulations of other rocks, the 
heat has increased and hot water has permeated the strata, reduc- 
ing them to a state more or less plastic, causing a crystalline to 
take the place of a mechanical structure, obliterating the ibssils, 
and substituting cleavage or foliation fer lamination. In some 
cases the heat might be so great that all traces of stratification are 
blotted out, and granitic or trappean rocks are the result It may 
be, after all this, that erosion has again converted these rocks into 
detritus, and the process of deposition and of metamorphism 
begins again ; nor can we tell how many times these changes may 
have been repeated. When they have passed through one cycle 
of change, they are as fresh as ever to commence another. 

9. Tke final conclusion t«, that the entire crust of the glebe has 
undergone metamorphism^ and is not now in the condition in which 
it was created. — ^We are sure that every part of it has been in a 
molten state ; and we have every reason to suppose that every 
part of it has gone through other changes ; nor is there any evi- 
dence that a portion of the first consolidated crust remains. 

Men are accustomed to look upon the solid rocks as emblems 
of permanency. But in fact science teaches us that they are in a 
constant state of flux. They may be permanent when measured 
by the life of an individual, but when we compare their condition 
in the different and vast geological periods, change is the most 
impressiTO lesson they teach ; and all those changes most wisely 
and b^ieficently ordered. 

To give an idea of the extent to which rocks have been meta« 
liiorphized, we subjoin the following section of the stratified rocks, 
Wi)& tiie names on the right of the azoic rocks into which we 
£now from reliable observation the fossiliferous have been trans^ 
formed. It roust not be understood that the two kinds are gen- 
erally interstratified, though they are sometimes so ; but usually 
the azoic are proved to be identical with the fossiliferous by M" 
l^ing the line of their strike and finding a gradual change frotn 
eiiie into another. Or when a part of a formation is found to be 
izoie, it is the lower part ; and even though it be as high in the 
series as the tertiary, none but azoic rocks will be found beneath 
it This shows that the metamorphie action is deep seated, and 
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it may be tliat the granitic and tn^pean veitiis and dykes are con^ 
nected with the molten interior of the earth« It is possible, indeed, 
to conceive that a bed of stratified rock may be converted into one 
unstratified by heat and water permeating upward through a sub- 
jacent bed which is not so changed; in which case we should 
have granite and trap independept of ^e mplten interior. But 
tiie records of geology give ns few examples of this kind, and the 
presumption, therefore, is, that the unstratified rocks require for 
their production a more powerful metamorphic action Uian coold 
be communicated through any other rock, without pit>ducing a 
correspondent change in that also. 



Allaviam. 



.Tertiary^ 



Chalk. 



Oolite. 



Trl««. 



Ptrmtea. 



Ctrboniferoni. 



DaTonUn. 



Upper Silurian. 



Lower Sitorlan. 



Cambrian. 



HTposoie. 



Oranitie. 



Eocene Flyseh changed into Mica Schist, Gneiss and 
Protogine. 



Into crystalline Limestone. 

Lias into Mica and Talcose BcMsts, and Gneiss. 



Into Taleose Biehist and Gneiss. 



Into Clay Shite, Taleose Srhist, Calciforoos 
Schist, Gneiss and Granite. 



Into Iftca SeUft, TaleoM Schist, Oneisa and 
Limestone. 



Into Mica and Chlorite Schist, and Gnate 



PART II. 
PALAEONTOLOGY. 



SECTION I. 

PBSLnaNABY DXFIMinOKS AKB FBIKCIPUBS. 

Ik all the stratified rocks above the Azoic, we find more or less 
of the remains of animals and plants. These are called Organic 
Remains. When changed into stone they are sometimet called 
Petrifactions. 

Palceontolopy is the science which describes these organic re- 
mains ; the word means a history of ancient beings. Some limit 
it to animals ; but we prefer to use it in its more extended sense. 

By some able writers the historj of SoBtH animalfl is called Pal»ocoolog7, 
and that of plants PalseophTtology. 

A Fossil is the body, or any known part or traice of an animal 
or plant, buried by natural causes in the earth. Hence a mould 
or mere footmark is a fossil* 

This is a difficult term to define, and the above definition may indodesome 
organic substances which come not within the province of geok^ to describe^ 
It might peihaps e.mbrace the frogs that are found alive deep in gravel or en« 
dosed in rock. But may not these^ properly be regarded as foesils ? 

Some able writers have thought it necessary to introduce into their defini* 
tion of a fossil the time and drcumstances of its burial But we prefisr the 
phrase with no other limitation than that given above. 

Among tiie andents tiiere were some (S&abo, the geographer, for instance,) 
who noticed and had correct notions about fossil ^llk In modem times 
geological &cts first began to exdte attention in Italy, in the early part of the 
sixteenth century. Two questions were argued respecting fossUs ; first whe- 
ther they ever belonged to living animals and plants ; and secondly, if they 
did, whether their petri&ctkxi and situation can be explained by the deluge 
of Noah. 

These questions occupied the learnt world nearly 300 years. At the com- 
mencement of the controversy m Italy, in 1517, Fracastoro maintamed, in the 
true Bj^rit of the geology of the present day, that fossil shdls all once belonged 
to living animals, and Uiat the Noachian deluge was too transient an event to 
explain the phenomena of their fossilization. But Mattioli regarded them as 
the result of the operaticm of a certain materia pinguiSj or ** fatty matter," 
fermented by beat Fallopio, Professor of Aai^omy, sv^poses that they 
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aoqoire their ^xtda in some cases, bj " the tomultuoas moTements of terres- 
trial ezfaakitioDS ;** and that the tusks of elephants were mere earthy ooncre- 
tioQS. Mercati oonoeived that their peculiar configuration was derived from 
the influence of the heavenly bodies ; while Ohvi regarded them as mero 
/** sports of nature." Felix Plater, Professor of Anatomy at Basil, in 1517, 
referred the bones of an elephant, found at Lucerne, to a giant at lessl 
nineteen feet h%fa; and in England similar bones were regarded as those of! 
the feUen angelsl 

At the beginning of the 18th century, numerous theologians in England, 
France, Germaoy, and Itsdy, engaged eagerly in the controversy req>ectiiig 
organic remains. The point which they discussed with the greatest zeaJ, was 
the connection of fosals with the deluge of Noah. That these were all dcK 
posted by that event, was for more than a century the prevailing dodrm^' 
which was laaintamed with great assurance; and a denial of it regarded «% 
nearly equivalent to a denial of the whole Bible. 

The questions also, whether fossils ever had an animated esstence^ was 
discussed in England till near the close of the 17th century. In 1677, Dr. Pletf 
attributed their origm to '* a plastic virtue latent in the earth." Sdienohser 
in Italy, however, in ridicule of this OfHnion, published a work entitled, 
Qwmikb Fiscium or the OomptairUs of the Fishes ; in which those animals 
are made to remonstrate with great earnestness that they are d^iied aa 
animated existence. 

Such discussions led to the accumulation of facts ; and these at length led 
to just views on the subject, and the great works on Comparative Anatomy 
and Palfldontology now extant, by such men as Guvier, Qwen, Agassi^ 
D'Orbigny, Pictet, Bronn, Brongniart^ Lindleji Button, and a multitade c^ 
oth«!V, are the result 

Char<icter pf dossils. — In a few instances animals liare }>een 
preserved entire in the more recent rocks. 

About the beginning of the present century, the entire carcass of an 
elephant was found encased in fh^n mud and sand in Siberia. It was covr 
ered with hair and fur, as some elephants now are in the Himalayah moun- 
tains. The drift along the shores of the Northern Ocean, abounds with boneS 
of the same kind of animals ; but the flesh is rarely preserved. In 1771, tha 
entire carcass of a rhinoceros was dug out of the fix>zen gravel of the same 
country. 

Many well-authenticated instances are on record, in which toads, snal^es^ 
and lizards, have been found alive in the solid parts of living trees, and fii 
solid rodks, as well as in gravel, deep beneath the surface. But in these in-! 
stances the a nim als undoubtedly crept into such places while young, and' 
after bdng grown could not get out Being very tenacious of Kfe, and prpb-. 
ably obtaining some nourishment occasionally by seizing upon insects that' 
might crawl into their nidui^ they might sometimes continue alive even many^ 
years. 

Frequently the harder parts of the animal are preserved in tlw^ 
soil or solid rock, scarcely altered. 

Sometimes the harder parts of the animal are partially impreg* 
nated with mineral matter ; yet the animal matter is still obvious 
to inspecti<m. . 

More frequently, especially in the older secondary rocks, the 
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animal or vegetable matter appears to be almost entirely replaced 
by mineral matter, so as to form a genuine petrifaction, 
' Bometimes after the rock bad become hardened, the animal or 
]^ant decayed and escaped through the pores of the stone, so as 
tb leave nothing but a perfect mould. 

: After this mould had been formed, foreign matter has some- 
^mes been infiltrated through the pores of the rock, so as to form 
d cast of the animal or plant when the rock is broken open. Or 
the cast might have been formed before the decay of the animal 
6t plant. 

V Frequently the animal or plant, especially the latter, is so flat- 
tened down that a mere film of mineral matter alone remains to 
mark out its form. 

- All that remains of an animal sometimes is its track im^Hressed 
i^n the rock. 

The mineralizer is most frequently carbonate of lime ; frequently 
siBea, or clay, or oxide or sulphuret of iron, and 9<mietimes tho 
ores of copper, lead, etc. 

2. Nature and Process of Petriftzction, 
Petri&ction consists in the substitution, more or less complete, 

by chemical means, ci mineral for animal or vegetable matter. 
.The process of peUifaction goes on at the present day to some 

extent^ whenever an animal or vegetable substance is buried for 

^ long time in a deposit containing a soluble minend substance 

tiiat may become a mineralizer. 

; EzAHPLB 1. Clay oontatning . sulphate of htm, will In a few years, or even 
months, produce a very perceptible change toward petrifaction in a bone 
buried m it Some springs also hold iron in solution ; and vegetable matters 
are in the process of time thoroughly changed into ojdde of iron. This is 
s^n often Y/here bog iron ore is yearly depositing. 

Example 2. U. Qoppert {daoed fern l^ves carefolly in day, and exposed 
the clay for £ome time to a red heat^ when the leaves were made to resemble 
j^etrified pbmts fixind in the rocks. 

Theory of Petrifaction. — In all cases of petrifaction, chemistry 
acts a part In many instances galvanism and electro-magnetism 
are concerned; especially where the organic substance is converted 
into crystalline matter. The juxtaposition of mineral matters 
^noaa ^vanic combinations, that produce the requisite currents. 

3, Means of determining the Nature of Organic Remains. 
The first requisite for determining the character of organic 
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Tenuuna, is an accurate and extensive knowledge of zoology and 
botany. This will enable the observer to ascertain whether the 
species found in the rocks are^identical with those now living on 
the globe. 

The second important requisite is a knowledge of compara1av(% 
anatomy; a science which compares the anatomy of different 
animals and the parts of the same animals. 

This recent science reveals to us the astonishing &ct, that so mathematically 
exact is the proportion between the different parts of an animal, ** that firom 
the character of a single limb, and even of a single tooth, or bone, the form, 
and proportion of the other hones^ and the condition of the entire animal^' 
may be inferred." — ''Hence, not only the fiameworic of the fessil skeleton of 
an extinct animal, bat also ^bo diaraeter of thci mqsdes. by which each bone 
was moved, the external fimn and figure of ihe body, the food, and habitat; 
and haunts, and mode of life of creatures that ceased to exist before the 
creatioB of the human race, can with a high degree of poobability be ascer^ 
tahied." ,, 

GLASsmcATioH Or uvma flaxts axd ivtmais. 

: It it fmmUiA that the learner daould have some idea of the great dMrnm 
and Families of living Plants and Animals, in order to form an idea of thoea.- 
Sn a fossil state. For both groups are brought into the same great system of 
life. And since tiie living species are mors numerous and perfect than any 
that have preceded them, the Ibnner are taken as the standard by which to 
anange the latt^. 

A Flora consists of a species of plants that occupy any given 
district. 

A Fauna consists of the species of animals in a district. 

The following are the classes and leading families of living 
plants commencing with the most perfect, and terminating with 
the least perfect. We follow the arrangement adopted by PrbC 
Asa Gray. 

VEGETABLE KINGDOM. , 

Series 1. — rLOWBRnro plants^ ob phakkikkuxu. ■ " t 

Plants which produce real flowers with stamens, pistils and seeds. . ' .3 

X^iasS L — EXOQBKS OB DIOOTTLSDOKS. *^ 

Plants increase by rings on the outside, the seed opening into two or mor^ 
parts, or seed leaves, called cotyledons. Most common trees and herbs. '^ 

Okus IL — ^BifooGKNS OB KovocorTLEnoks. 

Eot increasing by external lings, but by threads or bundles of fibres ftom-* 
within. The leaves have parallel, not branching veins. Embraces inost^ 
grasses, rushes, and bulbous plants ; also palms^ the most remaricabto of' 
plama The seed has. only one cotyledon. -i 
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Series H.— FLOWEULESS PLANTS, QR CRYPTOGAMIA. 
'Witiiout dowers, and pro[>agatuig by spotes instead of seeds. - 

Class 1. — ACROGENS. 

1. Fdiees or IhmsS 3. Ejuisetacece^ or Horsetail and Cattail fiunilf. 
i, Lycdpodutceoe or Club Mosses. 4. Marsikaoea. 

Class 2. — ^Akophttes. 

ICosses and Liverworts. 

' C%»M 3.-^Thallophttis. 

i. Algae or Sea TTeeds. 2. Lichenes or Lichens. 3. Fungi or Mushrooms; 
Puff Ballsy Toad Stools, Mould, Rusts, Mddew, etc. 

There is a great diversity among the most eminent zoologists in 
the classification of animalsy often perhaps more in the name than 
in . ihe grouping. We shall make no attempt to decide when 
sach men disagree* Most of them, however, still follow Cuvier in 
dividing the whole Animal Kingdom into four great suh-kingdoma 
^ provinces ; though some have added others. We give below 
^ systems of two of the most eminent living writers on this 
subject. In the course of the work some other systems^ or parts 
eC them, will come into view, because numbers which we wish to 
\ise are so connected with them that we can not separate them* 

ANIMAL KINGDOM. 
Sub-Kingdom VEBTEBRATA. / 

Class 1. — Mammaua or animals that nurse their young. The 
most usual orders of these are the following : 

1, Bimana, or man. 2. Quadrumana, or monkeys. 3. Chei- 
roptera, or ;Bats. 4. Jnsectivora, or insect eaters, as the mole. 
5; Carnivora, or flesh eaters. 6. Cetacea, the whale tribe. 

7. Pachydermatay or thick skinned, as the horse, elephant, etc. 

8. Ruminantia, the cud chewers, as the camel, deer, sheep, etc. 

9. Edentata, as the sloth and armadillo. 10. Rodentia, the 
jpawers, as thtf mouse, squirrel, woodchuck, etc. 11. Marsnpialia, 
sii tiie <^[>068um and kangaroo. 12. Monotremata, as the platypus, 
of New Hdland. 

. Agassiz divides Mammalia into three orders. 1. Marsupial ia. 
2. Herbivora. 3. Carnivora. Owen makes fifteen orders. 
1. Bimana. 2/ Quadrumana. 3. Carnivora. 4. Artiodactyla, 
6. Peiissodactyla. 6.- Proboscidea. 7. Texodontia. 8. Sirenia. 
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0. Cetacea. 10. Bruta. 11. Cheiroptera. 1^. Insectivora. Id. 
Bodentia. 14. Marsapialia. 15» Monotremata* 

Class 2.— AvKSj or Sirds, 

Agassiz gives four orders i 1. Natatores* 2. Grailsd. 3. Rasotes. 
4. Insessores. 

GrifSth and Henfrey give six^ 1. Accipitres, the eagle, ow!, 
etc 2. Passerina, the swallow, etc 3. Scansores, the cuclcok^, 
parrot, etc 4. Gallina, the fowl, pigeon, etc 5. Grails, tiie 
ostrich and crane. C. Palmipedes, the web-footed, as the duck 
and goose. 

Class 3. — Keptiua, or Heptiles. 

Agassiz divides them into two classes. 1. Amphibians, with 
tbree orders, 1, C»cilia ; 2, Ichthyodi ; 3, Anura. 2. Reptiles^ 
with foar orders, 1, Serpentes; 2, Saurii; 3, Bhizodontes ; 4, 
Testndinata. 

Owen divides the Reptiles into two classes. 1. Amphibia^ with 
two -orders, 1, Ganocephala ; 2, Labyrinthodontia. 2. Saurian 
Heptiles, into eleven orders, 1, Thecodontia ; 2, Cryptodontia ; 3, 
Dieynodontia ; 4, Enaltosanria ; 5, Dinosanria ; 6, Pterosauria ; 
7, Crocodilia; 8, Lacertilia; 9, Ophidia; 10, Chelonia ; 11, 
Batrachiiu 

Class 4.— Pisces^ or Fishes, 

Agassiz divides them into three classes. 1. Fishes proper^ wi^ 

two orders, 1, Ctenoids; 2, Cycloids. 2. Ganoids, with thre« 

orders, 1, Coelacanths ; 2, Acipenseroids ; 3, Sauroids. 3. Stliti 

thians, with three orders, 1, Chimxrae ; 2, Galeodes ; 3, Bati4elt^ 

Owen makes eleven orders^ 

■ ''5 
SuB-KiNODOM AETICULATA. ^ ^ 

Agassiz divides into three classes and ten orders. 1. Wormi^ 
with three orders. 2. CrustaceOy with four orders. 3. Insiei^ 
with three orders, 1, Myriapods ; 2, Arachnids ; 3, Insets propef; 
. Owen divides the Articnlates into six classes. 1. Arachniddj 
with four orders. 2. Insecta, with eleven orders. 3* Crustacea} 
with eleven orders. 4. Fpiaoa, with* three orders^ 5, Aneliatd 
with four orders. 6* CirHpedia^ with^thr^e ^rdetiB« . :\ "i 
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Sub-Kingdom MOLLUSCA. j 
Agassiz makes three classes and nine orders. 1. Acephala^ with 
four orders. 2. GcLiteropoda^ with three orders. 3. Cephalopoda^ 
with two orders. 

, „ Owen divides into six classes and many orders. 1. Cephalopoda^ 
with two orders. 2. Gasteropoda^ with ten orders. 3. Pterppoda^ 
with two orders. 4. Lamellihranchiata^ with two orders. 5. 
Brachiopoda^ subdivided into families only. 6. Tunicata, with. 
>wo orders* 

i Sun-KiNODOM RADIATA. 

Owen divides the Radiates into three sub-provinces (what are 
called sub-kingdoms above^ he calls provinces), with numerous or- 
ders and families. 1. Radiaria^ with five classes, 1, Echionder- 
mata; 2, Bryozoa; 3, Antbozoa; 4, Acaleph«; 5, Hydrozoa. 
i. JSntozoa, with two classes, 1, Coelelmintha ; 2, Sterelmintha. 
t. In/usoriay with two classes, 1, Rotifera ; 2, Polygastria. 

Agassis makes three classes of Radiates. Polypi, with two or- 
ders. 2. Acalephse, with three orders. 3. Echinoderms, with 
four orders. 

As to the infusoria, Agassiz says : ^ The infusoria as a class d^ 
iiot exist. It has been proved that a part of these are plants or 
their spores ; others are the young of different animals, and th« 
rest are perfect animals.'' 

In his article on Palseontology in the eighth edition of the En- 
^dopedia Britannica, which has appeared since his classification 
above described, we find Professor Ojiren adopting a different view 
of is6me organisms which he had classed among the lower animals^ 
a&tiie following extract will show : 

^ The two divisions of organkms called plants and animals arie 
specialized members of the great natural group of living things ; 
and there are numerous organisms, mostly of minute size and re- 
t^ning the form of nucleated cells, which manifest the eommon 
Organic characters, but without the distinctive superadditions of 
true plants or animals. Such organisms are called Protozoa^ and 
include the sponges, or Amorphozoaf the ForanUnifertey or Bhizo- 
podiy the PolyetBtinoBy the Diatoma^eoff DesmidicBy aiid most of tho 
^0-calied Polygastria of Ehrenberg, or infusorial animalcules of 
older authors." — Richard Owtn^ £ney. JBrit.^ Art. P^^f^tolog^ 
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In conformity with the above views, Professor Owen thus di* 
▼idea the jPri^Moa.: 

Cbas 1. Amorphozoa, ^xniges. 

Class 2. Foraminifera, Rhizopods. 
. Class 3. Infiisoria, Animaboles. 

GBouFur« or liyiho amd fossil FLijrra ahxi aximalb nno 

FBOVDrOVS, 

Existing animals and plants are arranged into distinct groups, 
each gronp occupying a certain districted land or water; and 
few of the species ever wander into other districts. These dis- 
tricts are called zoological and botanical provinces ; and very few 
of the specicis of animals and plants which they contain can long 
mrvive a removal out of the province where they were originally 
placed ; becanse their natures can not long endure the difference 
of climate and food, and other changes to which they miist be 
aabject 

AUhoogh naturalists are agreed in maintsiniog the existence c^.sqcIi 
'proviDbea, they have not settled their exact number; because yet igno- 
raut of the piants and animals in many parts of the earth. B^ideis, the 
nrpvinoes interfere with one imotber ; and a single, large province may em* 
brace several minor ones. This is particularly the case with animals. Se 
that zoologists divide them first into kingdoms, and these into provincea, as 
IbUows: £ The first kingdom embraces Barbie, whwh is aimdivided int6 
three provinces. 2. The second kingdom comprises Asia, divided into five 
provinces. 3. Australia^ one kingdom and one province. 4. Africa, with the 
iriands of Madagascar, Bourbon and Mauritiuf; one kingdom and one prov- 
ince. 5. America^ one kingdom and lour provinces. In all, five kingd(«ii 
and fourteen provinces. 

Professor Schouw makes twen^-five regions of plants. The arranpemenl 
depends on the naturad classificatkm. Thus the regi<»i of Mosses and Said* 
frages embraces the north polar regions as &r south as the trees, and thf 
upper part of the mountains of Europe. The region of Cactuses and PeK>er 
embraces Hexioo and South America to the river Amazon. The region of 
Palms and Melastomas embraces that part of South.Amenca east of the Aota 
I>etw6ea the equator and the tropic of Capricorn. 

A few species seem capable of adapting themselves to all cit 
mates. This is eminently truie of man, whose cosmopolite char- 
acter is so marked, and his ability to adapt himself to different 
climates and circumstances so dependent upon his superior mental 
endowments, that the distribution of the different races of the 
human species can not be accurately judged of by that of any 
t»ther species. 
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Sometimes mountains and SQmetiines <x;eans separate these districts on th^ 
land. In the ocean they are sometimes divided by currents or dioals. . But 
both on land and in the water, difference of climate forms the most «ffeckial 
barrier to the migration of species ; since it is but a few species that have the 
power of enduring any great change in this respect . ' 

i\ In some instances, organic remains are broken and ground by 
attrition into small fragments, Hke those whicli are :now accumu- 
^ing upon some beaches by the action of tiie waves. But often 
the most delicate of l^e harder parts of the animal or plant are 
preserved ; and they are found to be grouped together in the 
strata very much as liviug specie now are on the earth. 

From these fects it is inferred that, for the most part, the im- 
bedded animals and plants lived and died on or near the spot 
where they are found ; while it was only now and then that there 
Vas current enough to drift them jE^y ^considerable distance, or 
brealrthem into fragments. As they died, they sunk to the bot- 
tom of the waters and became enveloped in mud, and then the 
processes of consolidation and petri&ction Vent slowly on, until 
completed. 

So very qmetly did ^e deposition o( the fossiliferous roda proceed in dome 
jnstancefl, that the skeletons and inda8i8& of microsoopic animala, A we have 
seen, which the very slightest disturbance must have crushed, are preserved 
Xminjiued ; and &equ^% all the shells found in a layer of rock, he in th^ 
same position which similar ^lls now assaofe upon the bottom of ponds^ 
lakes and the ocean; that is, with a partipular part of the shell uppermost 

In the existing waters we find that different animials: se^lect for 
ikeiT .habitat diflferent kinds of bottom ; thus, oysters prefer a 
muddy bank ; cockles a sandy shore ; and lobsters prefer rocks. 
Bo it is among the fossil remains ; an additional' evidence of the 
manner in which they have been brought into a petrified state. 

From the researches of Prof. R Forbes in the Egean Sea, it ap- 
pears, first, that increase of depth has the same kind o^ effect upon 
the marine animals, as increase of height has upon those on dry 
land, that is, the animals become more and more like those of a 
colder climate. Secondly, tliat znpst marine animal^ and vege- 
tables inhabit particular localities, which at length become unfit 
for their abode, and they emigrate .or die out. Thirdly, that spe- 
cies ranging widest in depth range furthest horizontally. Fourthly, 
below 300 fathoms, deposits of fine mud are going on without 
organic remains, because animals do not live there* TJ^^^^con- 

11 
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elusions correspond to the manner in wUch organic remains oc- 
cur in the rocks. 

4. Organic Remaxru arromged tucording to their Origin. 

Organic remains may be ^yided, according to their origini Sato 
three classes : 1. Marine. 2. Fresh water. 3. Terrestrial. / r 

The last class appear in most instances where they occur, to hove l>eeri 
swept down by streams from their original sitnatioQ into estuaries f whiere 
they were mixed with marine relies. Sometimes, periiaps, they were (^lietls 
sulMneiged by the subsidenoe of the land. . ': 

The following tiA>le will diow tiie origin of the remains in the difi^esiR 
groups of fossiliferous rocka -^ 

Oiunbrian and Silurian Systema Manned 

Old Red Sandstone. ICarine^ Fresh Water and TeiTestrialT 

Caiboniferous Limestone. Da Bo. Do. l 

CoalMeasurea Terrestrial Estoaiy Deposits 

and submerged land. Barely peshaps fresh water deposits. 
New Bed Sandstone Group. 2f arinec 

Oolitic Group. Mostly Marine^ 

but in few instances^ Terrestrial 

Wealden Bodes. Estuary Deposit, 

Cretaceous Group. Marink 

Tertiary Strata. Marine and Fresh Watei^ 

AlluYium. Eveiy yariety of or^. 

It i^pears from the preceding statements, that by fax the 
greatest part of organic remains are of marine origin. Nearly 
an the terrestrial relics indeed, and many of fresh water origini 
have been deposited beneath the waters of the ocean. ^ \ 

5. Amount of Organic Bemains in the EartKi Cmst, 

The thickness in feet of the fossiliferous strata, as given in thj^ 

tabular view of the stratified rocks, is as follows : 

Alluvium, 500 feet> '^ 

Tertiary, 2,000 feet^ 



Caialk, 1,600 feet, 

Wealden, 2,210 feet, 

OoUte^ 2,270 feet, 

laas, 1,160 feet^ 

Upper New Bed, 3,100 feet, 

Permian, 1,040 feet, 



•0 



Carboniferous 



I ' 3,000 feet, in Kova Scotia, 
• 8,000 feet, in United States^ 
13,500 feet^ in Europe, 
•n«^«n{*.« i S»^S® ^^ '^ United Statea^ 

^^^'^'^^ ' 10,000 fee^ in Europe,^^ 

UpperSflurian, \ MOO feet, in United StaAei^ 

upper ouunan, ^ g^^^^ ^^^ ^ EurOpe^ 

Low«r Silwian, 20,000 feet 
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The Cambrian or Huronian, wliicli is from 10,000 to 26,000 
feet thick, is not included in the above, because scarcely any fossils 
have yet been detected in it. The average thickness of the other 
fossiliferous strata is 57,035 feet, equal to about eleven miles, 
r Organic remains occur more or less in all the fossiliferous strata 
whose thickness has been given. As a matter of feict, they have 
beeB dug out several thousands of feet below the present surface, 
i In the Alps, rocks abound in oi^anic remains from 6,000 to 
il,000 feet above the level of the sea ; in the Pyrenees, nearly as 
hi^ ; and in the Andes and the Himalayas, at the height of 
16,000 feet. 

Prodigious accumulations of the relics of microscopic animals 
and plants are frequeiitly found in the rocks. 

CzAicPLE 1. — ^From less than 1.5 ounce of stone, in Tuscany, Soldani ob- 
talne^l 10,454 chambered shells ; — 400 or 500 of these weighed only a suigle 
ffcaia ; and of one species it took 1,000 to make that weight These were 
marine shells. BuckkmcCs Bridgewater Treatise^ vol. 1, p. 117. 

Example 2. — ^In fresh water accumulations a microscopic crustaceous ani- 
inal, called the C3rpri8, often occurs in immense quantities ; as in the Hastings 
sand and Purbeck limestone in England, where strata 1,000 feet thick are 
filled with them ; and in Auvergne, where a deposit 700 feet thick, over an 
area twenty miles wide and eighty in leng^ is divided into layers as thin as 
^aper by the exuviae of the (^ris. Same Work^ p. 118. 
. Example 3. — ^But perhaps the most remarkable example is that derived 
JSrom microscopic anin^s and plants which have been regarded by Ebrenberg 
And others as exclusively ammal, under the name of infusoria oV animalcula, 
but a part of them are doubtless plants.. In one place in Germany is a bed 
fourteen feet thick, made up of sdceletons so small, that it requires 41,000,- 
000,000 of them to form a cubic iuch ; and in another place, a similar bed is 
twenty-eight feet thick. In Massachusetts are numerous beds composed of 
^iiese siliceous shields many feet in thickness ; and similar beds occur all over 
iTew England and New York. Deposits Of these carapaces or shields, have 
been di8W)ver©d by Prof William B. Rogers in the tertiary strata of Virginia, 
extending; over large areas, and from twelve to twenty-five feet thick i 

It is a moderate estimate to say, that two-thirds of the surface 

of our existing continents are composed of fossiliferous rocks; 

and these, as already stated, often several thousand feet thick. 

This estimate might, without exaggeration, be confined to strata that con- 
tain marine exuvise ; — that is, such as were deposited beneath the ocean. 

At-the end of the next section we hope to be able to present a table of 
most of the fossil animals and plants known. 

^CHNOLOGY. 

This branch of Palaeontology means literally, the science of 
tracks. It is tracks in stone, however, that fall within the province 
of geology, and hence we might call the science Ichnolithology. 
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Bat since ibis is less euphonic than Idinolpgy^ and since fossil 

footmarks require for their elucidation the study of recent tracks, 

we prefer the latter term, proposed by Dr.Buckland* 

This branch of Paleontology Is of qui to T«ioent origin. The first scieDti^ 
account of foesU footmarks, was that by Bev. Dr. Henry Duncan in the trans^ 
actions of the Royal Society of Edinbui^h, in 1828. They were, probidsly thd 
impressions of the feet of tortoises on whal was then supposed to be the New 
Red Sandstone, but is now thought to be Permian SaiMlstone^ of Corncockle 
Huir Quarry, in Scotland. In 1831, G, P^ Scrope found numerous footmariBB 
t>f smtJl crutftaoeans on forest maible of the Ooiito in England. In 1834, 
Professors Qohnbaum, Kaup, and Sickler puhUshed an account of tracks of tiie 
Cheirotherium, on New Red Sandstone, in Saxony. In 1836^ the first de- 
scription was giv^n of the tracks in that most prolific of aQ localities, the 
valley of Connecticut river. Since that time numerous other descriptioos of 
the same locality have appeared, by Dr. Deane^ Sir Chartes Lydl, laaac Lea, 
Dr. J. Warren, and the authors of this w(Nrk, and so many other localities 
have been discovered in Europe and Ame^ca, thai scarcely any fossilifeious 
formation is now without its ib6tmaik& Th^ wiU be dmcribed under the 
several rocks. 

At first names were given to the different kinds of tracks, bat 
now for the most part the animals that made them are named. 
Such animals are c&Hed IdM^^hnozoOy from the Greek words 
{XiBog, ixvog and ^g>ov) signifying, stony track animals^ or track- 
discovered animals. The following table gives a general view of 
their distribution up to the present time. 

lixhk;hko2soa. 
IbrmoHotL Class, 

Cambrian, Annelids. 

Lower ^uriao, 
Potsdam Sandstone, Crustaceans. 

Hudson River Shales^ Crustaceans and Annelids. 

Upper aiurian, j ?!?^^iL 

: ClintonGroup \^^^, 

Devonian, Batrachknsy Sanrians? and ChdonianiL 

Hamilton Groups Crustaceans? 

Carboniferous^ Batrachians^ Saurian^ Kollnscs? 

Permian, Chelonians, Saorians* 

Trias, Batradiians, Sauiians, Chelonians, Crusta- 



Jurasmc, *Marsupiakids,]%rds,Llzar(]SyBatiachiaii8^ 

Chelonian^ Fishes, Crustaceans, Myriad- 
pods, Insect^ Annelids. 
Wealden, Saurian. (Iguanodon?) 

Alluviimi, . Man, Caniivora, RuminantSy Birdi^ Batra- 

ohians, Annelds^ Molluscs. 
Under Alluvium we have mentioned aoly those Aiitm»lq whose tracks havd 
been described by geologists, and of which specimens have been preserved 
in th9 oaMfiets. 
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FtTKDAMKKTAt PRIKCIPLBS OP ICHNOLOGT. 

The question naturally arises, whether Ichnology has any 
principles at it? fgundation on which we can rely, or are its re- 
sults conjectural ; or, to give th6 inquiry a more scientific form, 
18 there any such relation between the feet of animals and their 
general structure* and character, that knowing the one, we can with 
strong, probability Jirfer the. other, as we can determine the un^ 
known quantity in an algebraic equation ? We maintain the af- 
firmative, fdr the following reasons : * 

1. Comparative anatomy and zoology teach us that an inlimate relation 
exists between all the parts or organs of animals. 

2. They teach us that the feet of animals are unusually characteristic, and 
'^eir relations to other parts unusually dear, so as to furnish, in some in- 
stances, a baas of classification to the zoologist Now a perfect track, :e8- 
pedally one inreliei^ gives: a complete model of the fool^ and thus fiimishes 
us wilh a better means of determining the nature of the animal than is some- 
times used by the palaeontolognt, who frequently can obtain only a fragment 
of some other organ of the animal by which to judge of its nature. 

3. We are able^ very often, to determine the nature of living animals f\rom 
tiieir tracks. Who would confound the human track with that of any other 
animal ? or the tracks of quadrupeds with those of birds ? or of ruminants 
with those of the earnivora or marsupials 7 or among birds, those of thegralkd 
or waders with those of the we1>fi)oted or the pige(»is ? or those of the os- 
trich: wi^ those of the eagle^dr albatross? 

4. .We have the highest authorities for naming animals fit>m their tracks* 
Sudi men. as Professors Kaup and Richard Owen, Sir William Jardine and 
Isaac Lea^ have done it 6uvier, too, has said, lihat "any one who observes 
merely the print of a dovea hoot m^ conclude that it has been left by « 
ruminant animal, and regard the oonclu»ou as equally certain with any other 
in physics and morals. Qonsequently, the smgle footmark clearly indicates 
to the observer the forms of the teeth, of all the leg bones» thigh, shoulders^ 
sa^ of the trunk of the body of the animal which left the mark." 

FSBICANSKT OHABACTBBS IN THE FEET AND TBAOKS OF ANIMAL^ 
BY WHICH DIFFERENT ElINDS CAN BE DISTINGUISHED. 

We have not space to draw out these characters in detail, nor 
even to enumerate but the most important, A fiill enumeration 
«nd description may be found in the Report on the Ichnology of 
IfTew England ina,de to the government' of Massachusetts in 1858, . 
page 24. 

' "1, Traeks 8ire of- three kinds,!, a simple trail such as-serpei|ts, 
annelids, molluscs, ftnd perhaps some fishes might make ; 2, trails 
accompanied by the impressions of feet, such as would bo made 
by most lands of reptiles, some fidhes, crustaceans, and some in,- 
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sects ; 3j impressions of feet only, such as miglit be left hj most 
vertebral animals and all the invertebrate tribes that bave feet . 

2. Width of the trackway. 

3. Angle made by the axis of the foot with the line of directton 
called the median line. 

4. Distance of the tracks from the median line. 

5. Number of feet. 

6. Relative size and character of the feet before and behind. 

I. Mode of progression ; by one row of tracks or two ; direct 
or oblique ; by steps or leaps, etc 

8. Length of step. . . 

9. Size of foot. 

10. Number of toes. 

II. Whether thick-toed or nanow-toed. 

12. Number and size of the phalangeal impressions. 

13. Divarication or spread of the toes. 

14. Character of the heel. 

15. Claws and pellets. 

16. Anomalous characters, such as indicate that the animid 
may have partaken of characters now found only in different 
classes or orders : like the icthyosaorus, pterodactyle and sau- 
Toid fishes. 

A careful application of these and other less important charac- 
ters will enable us, in most cases, but not in all, to decide from 
tracks whether the animal was vertebral or invertebral ; to which 
of the classes in these two great groups it belonged ; often to what 
^^^^^Jf genus and species. In this way have the examples of 
Lithichnozoa been determined, which will be given under the dif- 
ferent formations in our next Section. 

J. 
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SECTION !!• 

PAUBOKTOLOGICAL CHARACTERS OF THB BOCKS. 

Obgakio remains are not thrown together confrisedly in the 
rocks, but each of the great rock formations has its peculiar fos- 
sils, which are not found in the formations above or below. Usu- 
ally the species are limited to a particular formation, although the 
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Fig. 148. 



gen»*a bare a wide range. It is desirable to give some idea, es- 
pecialiy by drawings, of the leading and characteristic plants and 
animals that have successively peopled the globe since it became 
habitable. We begin with the lowest formation and pass upward. 

1. Cambrian or Huroniast System. 
Lower Cambrian Sedgwick, 

Notwithstanding the great thickness of this rock 
(12^000 feet in this country and 26,000 in Wales), 
not more than half a dozen fossils have been found 
in it The most interesting is a zoophyte, found in 
Ireland, and called Oldhamia antiqua, Fig. 148, 
named after its discoverer. Professor Oldham. In 
this country and in Bohemia no fossils have been 
found in this rock. 

" The reader,** says Sir Roderick I. Murchison, 
** may look with reverence on this zoophyte ; for, 
notwithstanding the most assiduous researches, it is the only ani- 
mal relic yet known in this very low stage of unequivocal sedi- 
jDoentary matter.** 

Jdthicknogooy or animals made known by their tracks. The 

Fig. 149. 





Palaochofdaiiu^. 
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trackway of a species of Annelid, called the Arenicolites didyma,^ 
occurs in what is called the Longmynd rocks, in Wales. The 
same formation contains also impressions of rain drops. 

' Fig. 149 is thoQgfat to be a plant; the Palseoduxxla major, from' the 
daw slate, of Kngland. ... 

2. Low^R StLUBiAK Ststbm^ MwBckison. 
• ' - ' Upper Cambrian^ Sedgvnck. ' ~^. ,'^ 

The plants of this vast system (20,000 feet thick,) are omly 2^ 
few, and mostly obscure sea weeds,. which often go by the nam& 
of Fucoids, from their resemblance to the living genus^ Fucus.- 
Fig. 150 shows the Seolithus linearis which occurs in the Potsdam 
sandstone, as well as in quartz rock. But it is uncertain whether 
it is an animal or a plant. 

^ Fhytopsis tabolosiim ftooi the Black riyer limestone, d[ New York; is con* 
adered a plant aod is shown on^ Fig. 161, ... 
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PftytofMia teMcIosum. 



Polypi. — ^The radiated animals are well represented in this 
system. Among these are the coral builders. These are 
minute radiated animals, called Anthozoa, that have the power 
of secreting carbonate of lime, and thus of biulding up laige 
stony structures, called PdypariaSy from the bottom to the 
surface of the ocean. They swarm in immense numbers in the 
seas of tropical climates, and form coral reefe which sometimes 
extend hundreds of miles. They seem to have existed in all 
ages, and to have formed similar deposits, which are now ranked 
among the limestones, figs. 152, 153, 154 show several living 
species of these animals as they are attached to their stony habi* 
tations. 
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Fig. 152. 
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Polyparia, 

The tentacles of these animals are provided with cilia or minute 
hairs on their margins, which are capable of being rapidly movedt 
80 as to keep currents of water in motion, that food may be con- 
veyed to their mouths. Lnmense numbers of the polypi unite 
in building up a single habitation, and th'ey do this as if influenced 
by one instinct ; so that the structure rises with the most sym* 
metrical proportions. In the Flustra carhasea each polype has 
usually twenty-two tentacles ; and on these, 2,200 cilia. An or« 
dinary specimen of this species will contain 18,000 polypi; and 
of consequence, 396,000 tentacles, and 39,600,000 cilia. On the 
Flustra foliacea^ Dr. Grant estimates 400,000,000. 

These polypi moeflv multiply by bads, called gemmnles, whidi grow 
like the buds of plants m>m tho parent, and after a time fidl off and become 
distmet animals. A single polypi in this mode may prodace a million of 
young in a month. They may also be multiplied by division, when each 
separate part becomes in a short time a whole animaL Different parts may 
also be made to grow together, and monsters of every form be produced. 
T^e Hydra is one of the gonera of polypi; and by taking the hea^s of several . 
incKviduala; and grafting them to one body, a Hydra with seven, or any other 
number of heads may be produced. 

fig. 155 shows the Oolumnaria alveolata from the Black river limestone* 
"Ev^. 166 represents the Favistella stellata^ and Fig. 157, Chsetetes lycoperdon ; 
Fig. 158, shows the Cyatbophyllum torbinatum whidi is found in the next 
three h]£^ formations. 

GraptoHtes.-^Th.es^ are another remarkable family of radiated 
ammsils that ^)peared in the Lower Silurian, and continued as 
high as the carboniferous system. Until the late researches of ^ 
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CifatkophifUum ThtrHnahmu 

Professor Hall) little else had been described but tbe serrated 
arms of this peculiar animal. But be has traced it from its earliest 
development till it sbows itself as a fixed (possibly free) animal, 
baving a bilateral arrangement in its arms, as sbown in Fig» 159, 
vhicb is the Graptolithus Logani. The arms here are broken off; 
but in Fig. 160 they are extended far enough to bring the serra- 
tures into view. Generally these serrated arms are all that havo 
been figured. 



sig. 150. jng. i«i 




Brachiopods, — ^These are a class of bi- 
valve shells with the valves unequal, and 
the arms of the animal long, that flour- 
ished abundantly in the lower Silurian Seas. 
Several of the genera also, (not the same 
species), have lived through all the changes 
of the. earth's crust, and still inhabit the 
ocean, 

l%e Lingula is one of these, on IBIg. 161, fi^ 
the P^ytsdam sandstcxie, and can hardly he distin- 
Spoished fiom those now foond alive. The Terebratola, Ilg. 162 Is one of the 
six genera of shells that have lived through all changes, and 30 species are 
still fixmd in the ooeaiii. Bnnm gives a list of 410 ipedetB^ 10 of which 
Fig. 16L 
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Za^ngvia prima and amUqua, 
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occur in tbe Lofirer Shuiaii, 30 in the Tipper Shnian, T2 m the Dermuan, 
. 38 in tiie Garbooifeioiia, 11 in the Pennian, 30 in the Triaa^ 83 in the Oolite, 
127 in Chalk, and 34 m the Tertiary. 

Another Braohic^Mxl of the Siktrian rocks is the Orthis (Fig. 163), of which 
Bionn girei 54 spedes in the Lower »Sflnrian, 31 in the Upper Silmiaa, 
43 in the Deronian, 12 in the Caibotufooos limestone^ 3 in the Permian, and 
2 in the Trias, where it died oat 

Of the Spirifer, Fig. 163, characterized by a peculiar spire wiflun its yalves, 
shown in oor figure^ 16 qwdes oocor in the Lower SQurian, 18 in tbe Upper 
SQarian, 56 in Uie Devonian, 69 in Gaiboniferoos Limestone^ H in the Penman,* 
8 in the Trias, and 4 mtbd Oolite^ wbo^ they terminate. 
Fis. Id Fis. lei. 





Orthis reironttria, Spirifer, 

The nmnber and variety of the precedmg Brachiopods that haye been de* 
scribed are now so great, that the aboye genera are regarded as femilies^ such 
as Terebratolides, Spririferid^ eta, elidi embracing seyeral genera. But de- 
tails on this subject can not be here giyen. They will be found in the large 
works on Palaeontology, such as those of Pictet, D*Orbigny, Hall, McCoy, efii 

Other interesting Brachic^>oda oocur in the Lower Silurian; as for instancy^ 
Atrypa, Fig. 165. 

CowMfera, Numerous fepresentatiyes of this class of shells appeared eaiiy. 
For examples we giye Ambonydiia (Pterime), undata, Fig. 166^ fiom tfa^ 
Treoton Limestone ; Ayiculademisa, F^. 167 ; from tiie Hudson Biver Grouf^ 
jind Modk>k>psis modiolaris, Fig. 168, from the same. 

Fig^l«». rig.l6«L " 
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Gatienpoda. Tbes& shells lure BixmenKui in the:]^^ ICaehcii^a 

matutina occurs in the -calctferous sandstone, Fig. 169l The M. magna is * 
sometimes seven or eight inches in diameter. Murchisonia bellidnota is a 
delicate shell. Fig. 1*70. Fi^. 171 shows Scalifes angolatus of the Chazy 
limestone. £lg. 172 shows the fielteophon bilobatua 



FIc^m. 




Maclurea matutina. 
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(kphaiapoiA, These were diamb^^d ehells, some of whk^ were carved 
' and some strai^^t We give an example of eadL Fig. 173 shows the lit- 
uites comu-arietis. 

Fig. 174 represents an OrthocerS) which was stnugfat^ yet divided into 
chambers. This has been found six feet long and six inches in diameter; 
which must have had an animal aronnd it larger than any living cephakqxxL 
As many as seventy chambers have been counted in it Bronn mentions 
153 spedes ; ten in the Lower ^lorian, thirty-two in the Upper Siktrian, 
forty-three in the Devonian, tiiirty-one in the Carboniferous limestone, eight 
in the coal meaonres and seven in the TriaS| where it disappeared. 

Fig. 174. 




JSchinodermata, — ^The living animals of this class, are the 8ta^ 
fishes, which are found as low as the Lower Silurian, and extend 
through all the rocks. But the most remarkable animals of this 
class are the Crinoids, or Encrinites, so named from the resem- 
blance of some of them to a lily (jcpivov) of which the common 
stone lily (Fig, 263) is an example. The head was su^^rted by 
a f exible column, that was made up of a vast number of bony 
rings, and at its lower end was fastened to the ocean's bottom, or 
to a piece of wood. The head was composed of five articulated 
arms, whic^ were divided into fingers, and were used for obtainii^g 
food. The stem of this species was circular, but that of the Tm^ 
tacrinite was five-sided, and its arms or tentacules vastly num^ 
ous. The number of little bones or joints composing the head of 
the lily Encrinite, was 26,000 ; but in the Briarean Pentacrihite, 
they amount to 100,000, and those of the side arms to 50,00^ 
more. If each of these, as in the higher animals, required two 
muscles to move it, they would amoui^ to 300,000 ; while the 
muscles in man amount to only 540. 

Tig. It5 is a r^resentation of the Pecar enerimiie or ApierinUes as it ap- 
peared when attached and in full life at the bottom of the ocean. 

Prof. Pictet, in his great work on Palaentology, has grouped the Crinoids 
into nine femiites, as fellows : 1. The Comatulidra^ or tibose free and witheut 
ataik; 3. The Pentremitideae ; 3. The OystldesB; 4. The Gupreesocrimdfip; 
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5. The Polycrinidse ; 6. The Haf^ocrinidie ; t. The Anthocrinidse ; 8. The 
G^rathocrinidflo; 9. The PycnocrinicUB. These famflies he divides into 106 
genera. Of these, thirty-seven are peculiar to the Lower and Upper Silu- 
rian, sixteen to the Devonian, nineteen to the Carboniferous, one in the Per* 
mian ; in the Triassic six, in the Jurassic fourteen, in the Cretaceous seven, 
in the Tertiary two, and two exist in our present seas, to whidi should be 
added a third, the Holopus, which is found only among existing animals. 
The genus Penticrinus began its existence in the Triassic period, and has 
continued to the present time, though there have been several changes of the 
species. 

Among the Crinoids tho Cystideae have attracted special attention, and 
those of Canada have been finely illustrated by Mr. E. Billings, palaeontologist 
of the Canada Survey. According to him, there have been found in the lower 
half of the Lower Silurian (in Bohemia and nowhere else) four species, in the 
iil>per half sixty-three ; in the Upper Silurian eighteen species, and perhaps 
•ome doubtful ones in the Devonian; above which none occur. Fig. 1*76 
shows one of these little mailed anixnals from the Trenton limestone, the 
Pteurocystites filitextus. 

Cnistacea.'^-CTustsceskns form the highest order of articulated 
animals. By far the most remarkable group of them in the ear- 
lier or palflBozoic rocks are the Trilobites, so called because their 
shell or buckler is divided into three parts. So different are they 
from living crustaceans, that for a long time it was contended that 
they were molluscs or insects. 

The shield or buckler of this animal covered its anterior part, 
while the abdomen had numerous segments that folded over each 
other like those on a lobster's tail. By this arrangement some of 
^ i^>ecies had the power to roll themselves up like the wood- 
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loTise and armadillo, and thus of defending themselves against 
enemies. They are from half an inch to six inches long, and 
longitudinal furrows divide them into three lobes. 

It is well known that the eyes of many articulated animals are 
made up of a large number of ^ets, or lenses, placed at the end 
of tubes, which being arranged in a parallel position, form a com* 
pound eye, like a multiplpng glass ; which projecting from the 
head, enables the animal to see on all sides without turning the 
eye. The number of these little facets or lenses in the h6use-fly 
is 14,000 ; in the dragon fly, 25,000 ; in the butterfly, 35,000 ; 
in the Mordella, 50,000. In the Trilobite they vafy frpm, 400 to 
6,000. Fig. 177 shows one of the eyes of this animal found in 
a fossil state. 

Rr. 17T, 
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Pictet divides the Trilobites into twelve femilies, viz., the Harpidse, the 
Paradoxidse, the Galyminidse, the Lichasidae, the Trinooleidse, the Asaphidse, 
the ^glinidse, the lUenidse, the Odontopleoridao, the Amphionidee, the 
Brontidse and the AgDoetidae. These he divides into ibrtj-three genera^ of 
-which twenty-four are found in the Lower Silurian, half of which pass into 
the Upper Silurian, and eleven in this last formation that pass into the Devo- 
nian, while only one passes into the Carboniferous ; above which none are 
found. But only in a very few eases is the same species found in any two of 
these fonnation& According to ProC Owen, the whole mumber of species is 
400 and of genera fifty ; of which forty-six are Silurian, twenty-two Devonian, 
and four Carboniferous. Thirteen genera are peculiarly Lower Silurian, three 
Upper Silurian, one Devonian and three Carboniferous. 

fig. 1*78 exhibits one of the well-known forms of Trilol^tes fix>m the Lower 
Silurian, the Faradoxides Tessini of Brongniart. 

Fig. 178w 




Rg. 179 is a top view and Fig. 180 a side view of the Sao hinnita- firom 
the Lower Silurian of Bohemia. 

LUhichnozoa. — ^In Potsdam sandstone, at Beauhamois, and other places in 
Canada, Sur William Logan has collected and described at least seven ^)eciea 
of crustacean's tracks. Fig. 181 will give an idea of one species. ^ A fine 
collection of them may be seen in the cabinet of the Canada Greological Sur- 
vey at Montreal. Fig. 181, A, shows the tracks of a living crustacean^ the 
Ocypode arenar^ sketched by Prof Agassiz and kindly put into our hai^ds. 
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CBUSTACKAK TRACKS. 

Fig. 179. Fig. laa 




Fig. ISl. 
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Proiotichnitw 9epUm-notatint^ 
Fig. 181. A. * 
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Fig. 183. 



If ore recently analogous Frototichnites (the name applied to the Canada 

tracks hj ProC Owen) have been foond 
in Scotland, called P. Scoticus. 

In the Llandeilo flags in Wales sev- 
eral species of Annelids occur which 
have sometimes left their trail, as rep- 
resented on Fig. 182, which was made 
bj Orossopodia Sootica. 

On the Hudson Biver shales of 
Georgia in Vermont, we have found 
the trail probably of an annelid, as 
stiowR on Fig. 183. 

Fig.l8ai 




Orouopodia ScoHea* 




Trail of an Annelid, 

3, Upper Silurian Period. 

In the Lower Silurian rocks the plants hitherto discovered are 
all flowerless and the animals all invertebrate : crustaceans being 
the highest class, of which the crab and lobster are living exam- 
ples. At the close of this period there seems to have been a con- 
siderable change in the state of things, and sometimes the higher 
strata are unconformable to the lower. For the most part the 
same classes of animals continue, though with new forms. Near 
the top a few vertebral animals appear, as the details below in- 
dicate. 

Plants, — The plants of the Upper Silurian are very few and 
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mostly marine. In Europe the best writers mention only one er 
two species. But Professor Hall has described not lees than ten 
species of Algae or sea-weeds. Perhaps the most interesting of 
these is the Arthrophycus BLarlani, shown on Fig. 184. 

Fig. 184. Fig. 185. 




HaiystUa labyrinihiea. 



It is not till we rise to the very top of this formation, and per- 
haps into the Devonian above, that we find any traces of land 
plants. 

Fig.] 



Fig.i8e. 
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Animals. Polypi.-^Oi the zoophytes one of the most striking 
species is the chain coral. We give two specimens in Figs, 185 
ind 186. 

. fayosites polymorpha^ aooUM»* genns^ is shown in Fig. 18Y. 

Fie. 188. 




C^aihophyllum iurbinatwnK 
Stg.189. Ffff. im 





JPenUwieru9 KnighUi. 
Fig. 191. 
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Another genus of these old corals is the Cjathophylliim, often mistakea in 
our country for the horns of deer, etc Fig. 188 shows one species of this 
genus, the CL tarbinatum. Fig. 189 represents the Cjathi^hyllum csespitoaiup. 

Braehiopoda.—'^Qw species of these shells abooud m the Upper SihiriflL 
l)elonging to the same genera^ as in the Lower Silurian most fir^uently) M 

Rg. IM. ^ 

Fig. 193. — "^ 




£lpiii/'er radiaiut. 



Fig. 19T. 
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TBrebratula WiUonU 
not always. We give only a few 
examples. Fig. 190 represents 
Pentamerus Knightii. F%k 191 
Ddthyris Niagarensis. F^ 192 
Atrypa lacunosa. Fig. 193 Orthis 
flabellulum. Fig. 194 Leptsena de- 
pressa. Fig. 195'Spirifer radiatos. 
Three views of Terebratula Wawni 
in Rg. 196. 

The Gonchifera are weU 
sented. Fig. 197 shows 
teropod, the Euomphalus rugosus. Fig. 198 shows a Cephalopod, the Qfi- 
ularia Niagarensis, from the Niagara group of New Tork. ^4.^ 

The Crinoids are abundant ; but we have room to present only three. 'IHg. 
199 represents the Caryocrinus omatus from the Niagara g^oup. Fig. c^O 
shows the Ichthycrinus Isevis, from the same formation. The sculpture*^ 
many of these crinoids is often extremely beautiful Hg, 201 shows th^ 
Hypanthocrinus decorus, allied to the lily. *; 

Of the other Ecbinoderms, we show in Fig. 202, the star fish Ophiura qdii* 
stellata^ and in Fig. 203, the Palffiaster NiagarensiSi fix>m the Niagara lime- 
stone. 

We regret not having room for more of the beautiful Trilobites found in 
this formation. Fig. 204 exhibits the Oalymene BlumenbacfaiL Fig. 205 the 
> rdled up. 




Oyhiurii QfmtUUatcu 



rdlau^iUr Niargarawut^ 
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Fishes. — Near the top of this formation a few fishes have been 
found ; of some of them, however, we know but litUe, as only brc^eo 
fragments occur. Pictet mentions only three genera, and four 8pe« 
ciep as certain ; but Agassiz adds four other genera from the broken 
fragments : these were from the Upper Ludlow rocks; but in lSb9 
a .very perfect fish was found in the LpWer Ludlow ropks, which 
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carries ddwnthis class of animals 1^000 or 2,G00'feet. ' These few 
fishes seem to be only an anticipation of the great development of 
this class of animals in the Pevonian group^ and as none of those 
in the Silurian are of any special interest, we defer a description 
of this important class of animals to the next group. 

Lithichnozoa. — Professor James Hall in the second volume of the Palaeon- 
tology of New York, has /iescribed as many at least as six species of tracks 
on the Clinton group of the Upper Silurian, in that State. He suggests that 
these were made by Molluces (Gasteropods), Annelids and Pishes, as shown 
on figures 206, 207, and 208. 

Fig. 20fi. Fig. 207. % 




Fish Tracks, 
4. DEVONIAN PERIOD. 

Plants. — These are few and badly pr^erved, so that great 
Qncertainty stili exists as to their character. Some of them, how- 
ever, were sea weeds, and some^and plants of as high organiza- 
tion as the coniferous or pine tribe. A few years ago, quite a 
number of plants were referred to the Devonian Period. In 1849, 
Bronn enumerates nearly fifty species of monocottyledons, as well 
as half a dozen less perfect flowerless plants. But these proba- 

12 
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bly occur in rocks whicli are now placed higher in the series. 
We give a sketch of only one species from this formation, which 
seems well determined by Professor Hall, from the Chemung 
group, and which resembles a good deal, plants in the coal mea- 
sures above the Devonian. It is the Sphenopteris laxus, Fig. 209. 

Tig. 209. w 
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Sphenopttria laxua. 
AnncAia— Po^^pi. — Of the corals we present three examples: i^ 

Rg; 211. 
Pig. 210. 
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represents a fragment of Aulopora serpens. : Kg. 211, Favosites fibrosa, and 
Pig. 212, Astrea rugosa. 

Fig. 212. 





Spiri/er hy$Uri,U8. 



Of the Brachiopoda we show in Pigs. 213, 214, 215, two interesting spe- 
cies of Spirifer; one of which, Fig. 213, goes with late authors under the 

Fig. 2ia 




^rigonotrtta tpeeiou. 



name of Trigonotreta, and Fig. 214 is Spirifer hystericus. Fig. 216 gives A 
good idea of the two spirals found in this shdlL 



Pig. 21«. 



Fig. 215. 




SphvUa in Spir^/igr, 




Ctdeeola aanddlina. 



A quite peculiar genus of Brachiopoda is the Oalceola sandalina, named 
front its resemblance to a shoe, and shown on Fig. 216. 

Of the CoQchifera or Acephala, we give only one species in Fig. 2 1 7, the Posi- 
donomya Beecheri. We give two Cephalopoda. Fig. 218 shows the Groni- 
atites oostulatusy and Fig. 219, the Cyrtoceras undulatus of the Corniferous 
limestone. 




OoniaUtu cotMatiu. 



Cyrtoceraa unduUUtu, ] 



Fig. 220 shows a Devoniaa trildlnte^ the AcLdaspis elliptica. 

Fig. MO. Mshes. — ^The most cliaract^ristic fea- 

ture of the Devonian roots is tlie great 
development of fishes which they pre- 
sent. With the exception of a few 
species near the close of the Upper Silu- 
rian Period, this is their earliest appear- 
ance; and they present many strange 
forms, and are largely developed in all 
the subsequent formations. This i^ iibt 
true of any other class of vertebral ani- 
mals, and hence the history of the fossil 
fishes is peculiarly instructive. It is said 
that not less than 1700 gpecies are fouiid 
fossil, and 10,000 are now living. Ph>- 

fessor Agassiz estimates the number of species that have lived in 

all past periods, at not less than 30,000 species. 




SCTAXSff OF FISHS8«: 



?69 



This emhk^nt writer iu Ws great work entitled, Recherc^ mr 'fe» Poissons 
par VAgtuskf divided €kii fisHea into four .classes, ^iatiaguishedibj the char- 
acter of theia scaled; the important discovery having been miade by him, that 
there is such ^ r^lattott between the fwrn of the scale and the drganiasation of 
the fish, that if those having similar scales be; brought together, they will be 
found to correspond closely in their nature. The foUQwing are the forms of 
the scales in the four classes : ' 

Fig^^ 221^ IsTo. Ij shews obe of the enameled plated that belongs to the 

F^0ids ; K[o, 2, the plates covered with enamel, identical in structure with 

tof.-teeth, goYenng tke Cfctnoifis I Ko. 3, the toothed or comb like scales of 

0^ XHendids j^ and 3S<^. ^ the circular plates without enamel of the Cyeloide, 

f' '' ■■.•.■:•■■,:-■ Fig. 22L ' •; ■- ^ • • -. ■ 





1 2 8 4 . 

From the classification of animals which wd have given on a previous page, 
it would appear that Agassiz has given up the above turangement. ^e will 
doubtless explain fully his new system in his great work on the Natural 
History of the Uiiited States. J. duller, according to Pictet, had proposed 
desirable changes in the systein founded upon the scales. 

He proposes six classes : 1. The Sirenoid fishes, that have both lungs and 
gills ; 2. the Teleosieans, or fish with proper bon^ ; 3. the Gcmoida ; 4. the £Zactf- 
mdbranchea/ns^ or the Plaooids of Agassiz; 6. the Cychstomeans^ or cartila- 
ginous fishes: 6. the />p&»car(2ian5, or fishes without a h^rt, being only one 
genus. Of these the first, fifth, and sixth classes are not found fossil. 

.Katuralists have described 604: genera of fossil fishes, distributed as follows :' 
: 3ji the Upper Siluriftti • . .... T 

In the Devonian . . , .;^ •: • 66 : :. = 

In the Carboniferous . . .*,.'. VO 
In the Permian . ^ , . . . 16 
In the Trias . . ' , . . . .23 
In the Jurassia . » ; . . . 66 

In thj& Cretaceous 78 

Jn the Tertiary ...... 188 

Of all fossil animals the fishes cast the most light upon the laws 
j of palaeontology. In their diflferent formations they are fopnd to 
be separated from one another by the most distinct characters. 
Those of a particular formation seem to have been created for that 
fonnation only, and rarely do the genera extend beyond it as they 
do in most of the lower animals. Not a single genus below the 
chalk has survived to the present day, and above that point the 
Bumber of extinct genera is quite large, amounting to two thirds 
of those in the chalk, ,and one third of those in the lower tertiaiy. 
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Those of the carboniferous strata disappear with the deposition of 
the new red sandstone, and those in the Oolite suddenly vanish 
with the appearance of the chalk. Not one species has yet been 
found that is common to any of the two great geological forma- 
tions, or that is now living in the ocean. 

We cannot but remark here, how entirely opposed are tbese 
facts to a prevalent hypothesis that the different sorts of animifls 
in the rocks, as we ascend, have been slowly changed from on 
into the other by a natural process. Here, on the contrary, ' 
find such great and entire changes in the successive groups as ^ 
be explained only by new creations. * 

" We find in the history of fishes," says Pictet, " many argtt- 
ments against the hypothesis of the transition of species from one 
into the other. The Teleosteans could not have had their origin 
in the fishes which existed before the cretaceous epoch, and it is 
impossible to derive the Placoids and Ganoids from the Teleos- 
teans. The connection of faunas, as Agassiz has said, is not ma. 
terial, but resides in the thought of the Creator." It is well to 
take heed to the opinions of such masters in science, when so 
many, with Darwin at their head, are inclined to adopt the doc- 
trine of gradual transmutation in species. 



The Devonian fishes had great peculiarities. Indeed, to the close of the 
Jurassic period no fish had the homy scales such as now cover four-fifths of 
them. The Devonian fishes were many of them covered with bony plates 
forming a buckler, and- were also of peculiar form. Fig. 222 shows the under 
side of the Cephalaspia Lyelliu- 

Fig. 222. 




dphataapia Lyellit 

Fig. 223 is a side view of the same fish. 

In Fig. 224 is represented another of these fishes, the Pterichthys comuta& 
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Another fish of peculiar aspect, which is common in the Devonian rocks of 
this country, is the Holoptychius nobilissimua, of which Pig, 225 will give 
some idea. 

Reptiles. — ^From at least two sources of evidence we find that 
reptiles began to appear as early as the Devonian period, though 
some geologists suspect that the Upper Old Red Sandstone of 
Great Britain belongs to the Carboniferous group ; and if so, it 
would raise the reptiles into that formation. But one skeleton of 
a reptile, Fig. 226, called the Telerpeton Elginense, and Lepto- 
pleuron lacertinum, by Professor Owen, has been found in the 
Old Red Sandstone of Morayshire, which Dr. Mantell regards 
either as a fresh water Batrachian, or a small terrestrial lizard. 
Another, a true Saurian reptile, has been found in the same forma- 
tion. In another part of the same rock small bodies have been 
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discorered, wbich bare been referred with some prbbabiEtf to tlie 
eggs of thQ frog. 

Fig: 288. 




Fig. 228. 
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Lithiehnozoa, — In the Old Red Sandstone of Scotland, Captain 
Brickenden has described tracks which agree best with the Chelo- 
xiians or Tortoises, as shown on Fig. 227. 

In the red sandstone near Pottsville, in Pennsylvania^ Isaac Lea has de- 
scribed the tracks of an animal which he calls Sauropus primeevus. Thoj 
«re shown on Fig. 228. 

Professor H% D. Rogers, in opposition to Kr. Lea^s opinion, places these 
tracks in tbe lower part of the carboniferous formation. So he does, also, those 
other analogous species which he found 1500 feet lower in ^e series. He 
also found what 1^ tbxoka ma/ be the trail of a moUuso in his Umbral Series. 

. ' ■ ^ / 

^ 5. CABBONiPEBOirs Pbbiod. s »' 

The two very distinct parts into which this formation is divided, 
differ widely in their palseontological characters. The lower part, 
called the carboniferous or mountain limestone, is rich in marine 
relics. But it is the remains of terrestrial plants, which so abound 
in the upper part, called the coal measures, that gives the name 
and the highest interest to the formation. Marine remains abound 
in this part also ; but the land plants predominate. In the brief 
space which we can devote to the fossils of this formation we shall 
dwell chiefly npon the j^ants and upon the higher tribes of ani- 
mals. 

Plants, — Compared with the formations below there was an 
immense development of plants in the carboniferous rocks. Pre- 
viously it would seem that not much dry land existed, certainly 
not in a condition for producing -vegetation ; for the plants in 
these lower rocks are almost entirely marine, and of course flow- 
erless. But in the carboniferous era land plants were introduced 
abundantly, more than 683 species having been described in that 
formation, according to Prof. linger. But they were mostly flow- 
erless plants^ chiefly such as form the class of Acrogens, such as 
the Ferns, the EquisetaceaB and Lycopodiaceae. Yet many of them 
were large trees. Take the ferns, for example. la tropical regions, 
at the present day, these sometimes grow as high as forty or fifty 
feet, and the trutiks are covered with the scars of tlie leaves that 
have fallen off. Fig. 229 exhibits some of these gigantic ferns. 

Ifost of the fossil ferns probably belonged to species no larger than tho 
ferns now growing in temperate latitudes ; but some of them were tree ferns. 
Fig. 230 shows Keuropteris ovata from the coal, and it can hardly be distin- 
gnushed firom eqpecies now oonunon in this oountiy. 

12* 
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More than 250 species of ferns have been already dug from the 

coal strata in Europe, and it is an interesting fact that at present 

not more than fifty species of this tribe of plants are natives of 

Europe. They are far more abundant in tropical regions; and 

hence it seems a fair conclusion that the climate in Europe and- 

the United States, during the coal period, was tropical. 

Professor Lindley made some experiments to determine what sorts of plants 
would longest resist the action of water. The leaves and bark of most dico- 
tyledonous plants, that is, our present forest trees and flowering plants gen- 
erallj, were destroyed in two years. The monocotyledons, such as the 
palms, were more enduring, but grasses perished. Funguses, mosses and 
most of the lowest forms of vegetables, soon disappeared ; but ferns were 
the most enduring of all. In short, those plants most abundant in a fossil 
state endured the best Hence it is inferred that the frailer sorts may have 
been much more abundant in early times than their number fixind fisssil would 
indicate. 

Stigmaria, — Immediately beneath every bed of coal (and some- 
times twenty or thirty beds lie above one another in the same 
basin) is a layer of arenaceous shale, from six inches to ten feet 
thick, called under clay or fire clay. In this, and here only, is 
found the peculiar fossil called Stigmaria, Fig, 231. It is ascer- 



Fig. 28t. 




stigmaria. 
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tained to be the root of another kiBd of fossil which is abtmdknt 
in the coal, and in the rock immediately above it, called SJgi}^ 
laria. 

Sigillaria, — ^These are large flattened tninks, from thirty to 
sixty, and even seventy feet loog. They are covered by scars or 

Fig. 282. . 




SigiUaria, 
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cicatrices, Blwming the points to whicli leaves were attached while 
growing. They were probably hollow trunks, or became so be- 
fore falling, and hence are so much flattened. Doubtless they 
formed the source of most of the. beds of coal* 

More than thirty-five species are known, of which Pigs. 232, 233, 234 will 
gi7e an idea. Mg. 235 represents a trunk standing. 




Zycopcdiums, or Club Mosses. — ^The living plants of this family, 
about 200 species, are small, rarely in temperate climates exceed- 
ing a few inches, and in tropical climates never, more than three 
feet in height But the Lepidodendron, which is an allied fossil 
plant, grew forty to fifty feet high* The trunk is beautifolly tcs- 
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Belated or scarred like the Sigillaria, as is shown in the L. aca-' 
batum, on Fig. 236. 

Tig, 23 T shows one of these large tmnks. Another genns of this fiunil/ 
18 the Ulodendron, shown in Fig. 238. 

Fig. 287. 



Fig. 283. 





UU>dendron, 



Lepidodendron. 

EquisetacecB, — The living plants of this family go by the name 
of horsetails, cattails, rushes, etc., and are of diminutive size. 
But not so the fossil species. The most remarkable and common 
is the Calamitea. These were large jointed reeds, attaining some- 
times the size of trees. A sample is given in Fig. 239. 

The largo trunks that have been described are sometimes found stan<Hng 
upright in the mine and penetrating the sandstone layers. Fig. 240 shows a 
succession of vertical stems of this sort in the coal measures at the head of 
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the Bay of Fundy in Nora Scotia. The mass of sandstone containing the 
stems is 2,500 feet thick, and the length of the upright trunks six or eight 
feet. Only ninety-two feet of the beds is represented. 

Fig. 289. 




Calamitea, 




AsterophylUtece, — These plants belong to the Acrogens, but 
have the aspect of aster flowers, and hence the name of the 
family. They were not numerous, but quite peculiar. Fig. 241, 
exhibits a species of Annularia. Fig. 242 shows the Spenophyl- 
lum emarginatum, another genus of these plants. 
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^^?'^^ Flowering plants began to appear in- the 

coal formation. Several species pf palpas 
and of grasses are reckoned among the 
monocotyledons. The dicotyledons are 
mostly reckoned as belonging to the Con- 
iferse or pine tribe, especially to the Arau- 
I caria, a species of which now grows on Nor- 
folk Island, on the west coast of America, 
and is cultivated frequently in conserva- 
tories. Trunks of the fossil trees have 
been found in several quarries in Scotland^ 
penetrating the strata obliquely, and being 
sixty to seventy feet long, and from four to six feet in diameter at 
the base. Coniferous plants have a peculiar microscopic struc- 
ture, which is retained in true petrifactions, and can be made 
manifest by polishing thin plates. 

Anivrials, — This is the first formation in an ascending order in 
which any of the Protozoa have been found of much size, although 
they occur as deep as the Lower Silurian. Here we have in great 
abundance in the Carboniferous Limestone, the Fusulinae, which 
belong to the class Foraminifera. These are organisms mostly 
microscopic, of a simple structure, protected by a shell, and bear- 
ing a considerable resemblance to chambered shells. The num- 
ber found fossil amounts to 73 genera and 657 species, in- 
creasing in number and variety as we ascend, and attaining their 
maximum in the present seas. We give only one example here, 
the Fusulina cylindrica, considerably magnified in Fig. 243, 

A tertiary limestone, the " Oalcaire dossier," is used at Paris as a building 
stone, and so abounds in Foraminifera, that we may almost regard the capitsJ 
of France as constructed of these minute shells. • 

Of the Bryozoa, we give one example from the Carboniferous group, which 
is Coral, the Archiraedipora Archimedea (Fig. 244), from Kentucky. Its name 
is derived from its resemblance to the Archimedean screw. The Bryozoa. 
are now put among the Molluscs. 



Fig. 248. 



Fig. 244 
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The fossil Bryozoa already described amount to 167(5 species, 
213 of which are found in chalk. 

Fossil shells, both bivalve and univalve, are abundant in the 
carboniferous limestone, but we pass by them all for want of room 
except the Chambered shells, which belong to the Oephalopods. 
Fig. 245. The two principal families of them, the 

NautilidsB and Ammonitidse, are divided 
into numerous chambers, connected by a 
, tube called a siphuncle, both which facts 
I are shown in Fig. 245. The strait and par- 
tially unrolled cephalopods we have already 
described under Orthocera in the Silurian 
rocks, and the Ammonitidao, are not de- 
veloped till we reach the secondary strata. 
But the Nautilidae are multiplied in the 
carboniferous strata which contain not less than forty species. 

The extinct species of cephalopod molluscs amount to 1500, 
divided into 50 genera. 1400 of these, divided into 30 genera, 
belong to shells similar to the pearly Nautili, of which only five 
or six species exist in the present seas. 

The CJephalopods possessed horny mandibles, or beaks, which are frequently 
found fossil, and have been called Bhyncholites. Figs. 246 and 24*7 show 
two of them. 

Fig. 246. Fig. 247. 




NauUliis, 





Among the Crinoids found in this formation one of the most beautiful is the 
Pentremiie, of which Figs. 248 and 249 show the Pentremites conoideus from 
Indiana, as described by Professor HaU. 



Fig. 248. 



Fig. 249. 
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Fossil insects has been fonnd as low as tlic coal measures. Of 

the Arachnida (spiders, scorpions, etc), 131 species are described 

in the rocks. Of these, the most interesting is the scorpion, found 

in Bohemia, and shown on Fig. 250, the Cyclophthalmus Buck- 

landL 

iig.2sa 




CydopOuamM BuddcmdL 



According to Bronn, in 1848, eleven species of insects had been 
found in the carboniferous strata, thirty-one in the lias ; forty-six in 
the oolite; fifty-seven in the wealden; two in the cretaceous, 
1545 in the tertiary, and one in the alluvium, making 1699 in all. 
This embraces the Mjrriapods, the Arachnida, and Hexapods. 

Not less than 70 genera and over 150 species of fishes have 
been described in the carboniferous formation. They begin to 
have a much nearer resemblance to living fishes than those of 
Devonian age, as the sketch of Palaeoniscus Duvernoi (Fig. 261), 
and of Amblypterus macropterus (Fig. 252), will show. 

All the fishes below the Trias, however, have one remarkable 
peculiarity. The vertebral column, or backbone, is prolonged far 
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Fig. 252. 




AnMypUnu macropUrut. 



Pdkeonigcita Dtwemoi. 

into the upper lobe of the tail, as may be seen in the above figures. 
This makes the tail unsymmetrical, or as it is usually slyled, hetero- 
cereal. Above the Pennian this peculiarity is rarely seen, though 
among living fishes it is possessed by the sharks, the dog-fishes, 
and sturgeons. But most living species, as well as the fossil, from 
the Permian upward, have symmetrical or homocercal tails ; that 
is, the vertebral column terminates at the middle of the base of 
the tail, as an examination of some of the figures of fishes we 
shall present in the higher formations (see Figs. 289, 290) will 
show. 
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This mark often enables the geologist to determine from what 
Fig. 853. pai^ o^ ^^^ ^oc^ series a fossil specimen was obtained, 
and thus helps to fix the age of the rock in which 
it occurs. 

A few living fishes, sach as the Port Jackson shark, have strong 
dorsal spines, covered with small teeth, as weapons olt defense. 
These have been found abundantly with the fossil species, , 
and have been described by the name of Ichihyodanditea. The 
finest examples of these which we have met in European works 
is shown on Fig. 22^, which we introduce here, although it belongs 
to the Wealden formation. It belongs to the genus thefodus. 

Wo give in Fig. 254 a most remarkable and beautiful example 
of what is most probably an ichthyodorulito from the coal forma- 
tion of our own country. It was found by Dr. S. B. BushrjeU, of 
Montezuma, in Indiana, and presented by him, through Rev. John 
Hawks, to the senior author of this work, by whom it was de- 
posited in the cabinet of Amherst College. It has the aspect of a 
shark's jaw, but was most probably dorsal. It has been referred 
to Prof. Agassiz for description. If it be an ichthyodorulite, it is 
the most beautiful that has ever been discovered. It was found a 
foot above a bed of coaL 

Agassiz denominates some of the ol3 fossil fishes, 
Sauroid^ or like Saurian reptiles, because their anatomi- 
cal structure, especially their large striated conical teeth, 
resemble those of saurians. Tliey are an example of 
what we shall find common, viz., a union of characters 
in some fossil animals now found only in different families. 

Reptiles. — We have presented decided evidence that 
reptiles began to exist as early as the Devonian period. 
As we should expect, we find them, though not veijr abun- 
dantly, in the Carboniferous strata. ' Professor Owen has 
paid great attention to this class of animals, and .'lK)ine 

Fig. 264. 
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details respecting liis classification, already briefly stated, may be 

desirable. 

. H^ cUvideg the Amphibious Beptiles into two orders : 1. GaruKepTtaia^ ani- 
mals allied to the living Proteus and Lopidosiren, being intermediate between 
fi^h-like batrachi^r and lizards and crocodiles. 2. LahyrirUhodorUia^ animals 
between ba-tracliians and lizards and fishes. 

IJieSauriav: ReptileSy Owen divides into eleven orders: 1. Thficodxtntia, 
embracing the Proiosaurus and other genera, among which is the Baihygnor 
thus, described by Dr. Leidy, from Prince Edward's Island. 2. Cryptodontia, 
between lizards, tortoises and birds. 3. IHcynodontia, combining characters 
found in crocodiles, tortoises, lizards and mammalia. 4. EnalwsauriOf em- 
bracing most remaricable fossil Saurians which will be noticed further on. 
5. Dinosauria, great land Saurians. 6. Fterosauria, or flying Saurians. 
7. CrocodiliOf cpooodilians. 8. LaceriUia, Kzards. 9. Ophidui, serpents. 
10. Ohehnia, tortoises. 11. Batrachia, frogs and salamanders. Quite recently 
he has made some change in this plan. 

Prof. Jeflfries Wyman has described, under the name of Eani- 
ceps, a fossil batrachian, reckoned by Owen with his Ganocephala, 
in the carboniferous rocks of Ohio, where are, also, two other al- 
lied §pecies. Wymaxi also snggested the reptilian character of the 
Dendrerpeton: Acadianum from Nova Scotia. But the most in- 
teresting of the carboniferous reptiles is the Ardiegosaurus, the 
head of which is shown in Fig. 265. This, according to Prof. 



Fig. 255. 




Ariihegotaunu, 

Owen, belongs to the Ganocephala, differing from Batracliians in 
some important respects, and allied to the living Proteus and 
Lepidosiven. Owen has also described a Labyrinthodont reptile 
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from the coal of Pictoo, in Nova Scotia, wliicli he calls Baphete$ 
planiceps. 

Zitkichnozoa, — ^In the western part of Pennsylvania Dr. A, T. 
King has described tracks in the carboniferous formation which 
are doubtless those of a Batrachian. We give in Fig. 256 a slight 
sketch of some of them. It is called Batrachopus primaevus. 

Fig. 256. 




Footmarkt in Pennayloania, 

Dr. Buckland has given an account of Ichthypodulites, or fish 
tracks, from the coal formation. 

Hugh Miller has described abundant tracks on the coal meas- 
ures of Scotland which are reptilian ; but he does not decide 
whether they were those of a Batrachian or Lizard. 

6. Permian Period. 
Both the plants and animals of this period are so much Hkd 
those of the preceding, though differing specifically, that we shall 
give but a few examples* 
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Pig. 25t represents a peculiar plants the Noeggerathia expansa^ found in 
Bussia. 

Fig. 25T. 





Fig- 258. Fig. 258 shows a somewhat peculiar bra- 

cbiopod shell, the Productus horridus. 

Several new genera and many new 
species of fishes, and especially of rep- 
tiles, appear in this formation, and 
clearly distinguish it from the carbon- 
iferous. In England, Russia and 
Thuringia, several thecodont saurians 
Productus horridut. have been found, such as the Proto- 

Baums, Thecodontosaurus and Palseosaurus. In this country Pro- 
fessor Emmons has found in the sandstone of North Carolina the 
Palaeosaurus, the Clepsiosaurus, and one which he names Rutiodon 
Carolinensis, and he considers these fossils as proving that sand- 
stone to be Permian. Under Lithichnozoa we shall see that other 
reptiles are found in this rock, as shown by their tracks. 

Lithichnozoa, — The first tracks discovered and described by Dr. 
Duncan in Scotland, are now thought to be in Permian rather 
than Triassic sandstone. The sketch, Fig. 259, evidently of a 
tortoise, was given by Dr. Buckland. 

Lately Sir "William Jardine has described these tracks in a splendid folio. 
He has given nhie species : five of them he refers to Chelonians, two to Sau- 
rians, one to fiatrachians, and one is left doubtful 

Having now reached the top of the Palaeozoic deposits, it may 
be well to state certain leading facts as to the organic remains com- 
mon to the whole. ^ 
( 1. These deposits are characterized by the entire absence, so 
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far as has yet been discovered, of birds and mammiferons ani- 
mals, and by the rarity of all other vertebral animals except 
fishes. 

2. Also among the molluscs, by the existence of numerous 

cephalopods with simple divisions between the chambers— such as 

Fig. 260. are found no more among the newer 

rocl^s ; also by brachiopods, such as arc 

found rarely afterwards. 

3, By the existence of numerous trilo- 
bites, of which there is no trace at a 
later period. \ 

7. TRIASSIC PERIOD. 

The fossils of the trias arc less nu- 
merous than those of several formations 
below and above ; but some of them are 
peculiar, and possess unusual interest. 

Plantsx — ^Tbe general aspect of the 
scanty Triassic Flora differs much from 
that of the Permian and Carboniferous 
group, but some plants are very similar, 
as the Neuropteris elegans^ shown in 
Fig. 260. 




TRIASSIC PLANTS. 



289 



A more characteristic plant is the Yoltzia heterophvlla fianired below 
Fig. 261. 

Fig. 261. 




VolUia hetaropkyUa. 

Animals. — Of the Brachiopods we give one fine fon% the terebratula 
TolgariSi in fig. 262, 



Fif.9(». 




Jarge flat teeth. 



Among the Crinoids we have in the 
Muschelkalk of the trias, the well known 
and beautiful Lily Encrinite (Encrinus 
liliifonnis) which is shown in Hg. 263, 
with a cross section of the stem beneath. 

The fishes of the trias are all homo* 
cerques. The genera known are twenty- 
three. We give only the sketch of the 
tipper jaw of one, the Placodus Andryani, 
Fig. 264. It will be seen that the almost 
entire roof of the mouth is covered with 
Sometimes it is entirely covered. 



This animal is regarded, and probably- with good reason, as a reptile^ by 
ProC Owen. Pro£ Pictet places it among the fishes. 

In the palaeozoic rocks the reptiles have been few. But in the 
trias they begin to show themselves in large numbers and of pecu- 
liar characters ; a fit commencement of their enormous develop- 
ment in tiio^ next higher formation. 

13 
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Fig. 268. 




Fig. 264. 



JSneritMB liliiformig. 
Fig 265. 





Tboth of the Labyrinthodofk 



Ifaeodua Andrpani 

The Labyrinthodonts are per- 
haps the most interesting. They 
are so named from the labyrin* 
thine character of their teeth, 
when viewed upon a cross sec- 
tion, as in Fig. 265, which shows 
a portion of the tooth only when 
cut across and polished. Pro- 
fessor Owen describes them as 
reptiles having the essential bony 
characters of the Batrachia^ but 
combining these with other bony 
characters of crocodiles, lizards 
and ganoid fishes, and exhibit- 
ing all under a bulk which ri- 
valed that of the largest croco- 
diles of the present day. Tht 
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form of the largest Labyrinthodonts, if we may judge by the 
great breadth and flatness of the skull, must have more resembled 
that of the toad or the land salamander. 

Prof. Owen describes five British species of the Labyrinthodon, one of 
which is identical with the Mastodonsauus found in Germany. Fig. 266 
shows the skull of this species^ some of which have been found from thirty to 
forty-eight inches long. 

Fig. 268. 




Bead <if the Labyrinthodon. 

Pro£ E. Emmons has lately found in the sandstone of North Carolina^ a 
I^byrinthodont named by Leidy, DictyocepficUits degans. He has also found 
in the same rock three genera, and four or five species of Thecodont reptiles. 
Dr. Leidy has described likewise a Thecodont Saurian, the Bathyguathus 
borealis, from the sandstone of Prince Edward's Island. 

Another remarkable family of reptiles, represented by the 
Rhynchosaurus articeps, has been described by Professor Owen, 
from the trias of England. The tracks found in connection with 
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the bones seeM to indicate that the animal had feet resembling 
those of birds : three toes pointing forward, and somi^times one 
pointing backwards. Owen sftys that the " formation of the skull 
has brought to light modifications of the lacertine structure lead- 
ing towards Chelonia and Birds which before were unknown." 

Two well-marked examples of mamiferous animals have at length 
been found as low as the upper part of the trias, or certainly not 
higher than the lower part of the lias. One is the Microlestes, a 
small insectivorous quadruped, found both in Germany by Profes- 
sor Plieninger, and in England by Charles Moore, though deter- 
mined by Professor Owen. Among living mammals the small 
Myrmecobius, an insectivorous marsupial, comes nearest to the 
Microlestes. The other genus is the Dromatherium, sylvestve 
discovered, and named by Professor K Emmons in the North 
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Tracks qf Cheirctherium BarthU. 
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Carolina sandstones, witH the reptilian remains already described. 
This, also, comes nearest to the Myrmecobius among living animals. 
Pro£ Emmons is inclined to place it in the lower part of the trias, 
or even in the Permian, and it is probably the oldest known 
mammal. 

Zithichnozoa. — ^Early in the history of footmarks some were 
found in the new red sandstone of Hildburghausen in Saxony, 
having such a resemblance to the human hand that Professor 
Kaup gave to the animal that made them the name of Cheirotke- 
Hum or hand animal. The fore and hind feet were quite unequal, 
as shown below in Fig. 267, which is Cheirotherium Barthii. 



Similar tracks were subsequently found in Cheshire, England ; a]8o thoee 
of the three-toed reptOe, Rhynchosaunis. Crustacean tracks were likewise 
found in Cheshire ; also some resembling a horse-shoe by Dr. Cotta in Saxony, 
which may have been made by Chalonians. ProC Owen suggests that the 
Cheirotherian tracks may have been made by the Labyrmthodon above 
described. But such an animal would leave two rows of tracks, whereas 
those of the Cheux>therium form only a single row, as in the above figure, 
and, it would seem, must have been made by an animal with narrow body 
and long legs like some marsupials, and not by such an animal as that in 
fig: 268, wSch is the Labyrinthodon as restored by Pro£ Owen. 

Fza. 263. 




Labyrinthodon pachygnathus. 



8. JtTBASSIO OB 0(»<rna PSmOP, EMBBACINa THE WZALDEN AND THE LIAS. 

This formation is very prolific of fossils. Among so many that are inter- 
esting we find it difficult to make a selection. 

Ptowte.— The vegetation of this period was not remarkable as to quantity; 
but it was characterized by the predominance of Coniferae, or the Pine tribe, 
and of Cycadace®, both (rf* which are Gymnosperms, or with naked seeds. 
While only two genera and twenty species of the latter are found among liv- 
ing plants, thirty-four species occur in the Oolite and four in the chalk of 
Great Britain, where no Kving species is found. Fig. 269 \nll give an idea 
of a living species, the Cycas revoluta.. 
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OycoB revolvta, 

PI- 270. I^ ^i& 2T0 is given a repre- 

seatation of a fossil Cjcad, the 
Cjcadoidea xnegaphjlla. 

Large petrified trunks of 
Coniferae occur in several 
formations. In the isle of 
Portland, on the coast of 
England, is a remarkable 
subterranean forest of these 
trees, or rather their stumps, 
Cfyeadoidea rMgc^hi/Ua. standing perpendicular to the 

strata and rooted in a black vegetable mould, the whole now con- 
verted into stone. It is represented in Fig. 271. 

Among the ferns of this period is a remarkable one, of which 
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Fiff. 271. 
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Fig. 272. 




Clathropteria r^Uusculus, East Hampton, 
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there seems to be only one species, and that foand both in tbe 
lower part of tbe lias and VLpper part of the trias. It bad quite 
large reticulated fronds radiating from a center, like some tropical 
ferns of tbe present day ; an example of which may be seen in 
Fig. 229. In Fig. 272 we present a small portion of a frond of 
this Clatbropteris found in East Hampton, Massachusetts, by Ed- 
ward Hitchcock, Jr. l^ ' ^ oJ^^'*- v.,./r:^_A^ 

Fig. 273 shows a fern, the Coaiqpteris MaTrayana^ with a part of the frond 
magnified, ahowing fruit — a yery unusual occurrence. This is an odltio 
piftnt. 

Fig:278. 




CoftiopteriB MumyttntL 

Animais. — Of corals we present onlj ona Fig. 274 shows the Priooaster 
obloDga. 

The bivalves and univalve shells are very abundant in this 
formation. We pass by all except the Cephalopoda which have 
an immense development in the Oolite. Ihese have already been 
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Fig. 274 



Fig. 2T5. 





SpirtHa PeronU. 
Prionaater Oblonga, 

described in part, but some of the families need farther elucidation. 
Some of the Cephaloppds have the shell within the body, as is shown 
in Fig. 275, which represents a living species, the Spirula Peronii. 

The Orthoceratite, Lituite, Baculite, HamiteSi Scaphite, Turrilite and Belem- 
nite seem to have belonged to this description of shells. Fig. 276 shows the 
Hamites attenuatiis fix>m the Gkiult, which lies a little above the oolite in the 
cretaceous STstem, but is introduced here for the sake of illustration. 

Fig; 276. 





Munitea attenuatus. 

The ordinary appearance of a Belemnite is that of a conical 

arrow bead, as shown in Fig. 277. At the blunt end it is usually 

Fig, 277. hollow, and if one half be 

split off, the section, as seen 

in the figure, will show a 

conical cavity. 

This was the main part of 
the internal shell ; but its structure was more complicated. Besides 
this cone-shaped shell, there was a conical, thin, horny sheath, ex- 
tending outwards and enlarging. This part contained an ink- 
bag like the cuttle fish of the present day, which produces the 
Sepia, or India Ink. There was also a thin, conical internal 
chambered shell, placed within the hollow cone above described, 
having a construction analogous to that of the Nautilus and 
Orthocera. Fig. 278 is an imaginary restoration of the Belemno- 
sepia, a family of belemnites proposed by Buckland and Agassiz. 

13^ 
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Fig. JT3L 




The geological cabinets of three 
ladies in En^nd (Misses Anning, 
Phillpots and Baker) are mentioned 
by Dr. Backland as furnishing the 
^)edmens of belemnites containing 
petrified ink bags ; the ink of which 
was pronoanoed bj the best artists 
to be of superior quality. Thus were 
these ancient cephalopods identified 
with the modem cuttle-fishes. 

Belemnites are mostly corn- 
fined to the oolite and the 
chalk, where at least 100 spe- 
cies have been obtained. Spe- 
cies of Sepia occur in the 
tertiary, as well as in the pre- 
sent seas. 

Of the Ammonites more 
than 500 species have been 
described. Bronn enumerates 
2 in the Upper Silurian, 22 in 
the Trias, 317 in the Oolite, 
and 211 in the Chalk. Many 
of these, as well as the other 
chambered shells, are beauti- 
fully figured and embossed. 
Some of them are three feet 
in diameter, looking like a 
carriage wheel. 

Fig. 879. 




BeUmnose^neu 



Amnumitea planulalku. 



AMMOiriTES. 
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Tig, 2l9 shows the Ammonites planulatus. Fig. 280) the X, Humphresia- 
nxis. Mg. 281, A. nodotianus. fig. 282, A. catena. 




Ammonites nodotianua. Ammonites catena. 

Fig, 283. Of the Echinodermata we 

present a single beautiful exam- 
ple of Oidarites filumenbachii, 
in Fig. 283. 

Fig. 284 shows the Pen. 
tacrinus fasciculosus, which 
is called the Briarean Pen. 
tacrinite on account of the 
great nnmbfer of its arms — 
the fabled Briareus being 
supposed to have a hundred 
hands. The bones and the 
fingers in this pentacrinite were 100,000, and those of its side 
arms 50,000 more. If there were two muscles, as in the higher ani- 
mals, to each bone, it would require 300,000 in this echinoderm. 

Fig. 285 shows another elegant species, the Apiocrinus Rossyanus. 
In Fig. 286, we present a single example of an Oolite Annelid, ihe Serpola 
flagellum, which is a calcareous tube once occupied by a worm. 

Insects and Myriapods. — ^In 1849, Bronn enumerated seven- 
teen species of fossil Myriapods, such as the centipede, two of 




CfidarUss Slum/enbackil 
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Tvhich ocfiiir in tlie Oolite^ and tlio rest mostly 

in the tertiary ; also 131 species of Araclinpidea, 

or scorpions and spidets, of which two species are -^P**^*^^***^ Roast/mu^ 

foand as low as the coal measares, one in the Oolite, and the 

rest mostly in the tertiary ; also 1551 species of hexapod ioi^eet^ 
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Serpula fkigeHvm, 

of which 847 are coleoptera. Nine species of these insects are 
found in the carboniferous fonnatiou, 120 in the Oolite, two in 
the chalk, and the rest mostly in the tertiary. Fig. 287, shows 
a soecies of Libellula from the Oolite. 



Fig. 28T. 




Liheltula, 

In the sandstone of the Connecticut river, in Massachusetts, a fossil occurs, 
which at first was thought to be a Myriapod, but it seems rather to be the 
larva of an insect A view of it greatly enlarged is given in Fig. 288. 
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Fishes, — The genera of fishes already described in the Oolitic 
series, is 66 ; larger than in any formation below, except the car- 
boniferous. They are homocercal. We give a sketch in Fig. 289. 
of the Dapedins punctatus from the lias, and in Fig. 290, a re- 
stored Tetragonolepis from the same formation. 




Fig. 29a 




TetragonoUpU. 



ICnTHTOSAUBUS. 



Sj03 



jR«pfo7cij.— This "was the age of reptiles, remarkable both for 
their peculiar forms and formidable dimensions. We shall try to 
give some idea of a few of the most important. 

Ichthyosaurus. — ^This animal, sometimes more than thirty feet 
long, and of which thirty species are known, had the snout of a 
porpoise, the teeth of a crocodile (sometimes amounting to 180), 
the head of a lizard, the vertebrae of a fish, the sternum of an or- 
nithorhynchus, and the paddles of a whale : uniting in itself a 
combination of mechanical contrivances which are now found 
among three distinct classes of the animal kingdom. One of its 
paddles was sometimes composed of more than 100 bones ; which 
gave it great elasticity and power, and enabled the animal to urge 
its way through the water with a rapid motion. Its vertebrae 
were more than 100. Its eye was enormously large ; in one spe- 
cies, the orbital cavity being fourteen inches in its longest direc- 
tion. This eye also, had a peculiar construction to make it ope- 
rate both like a telescope and a microscope : thus enabling the 
animal to descry its prey in the night as well as day, and at great 
depths in the water. The length of the jaws was sometimes more 
than six feet. Its skin was naked, some of it having been found 
fossil ; its habits were carnivorous, its food, fishes and the young 
of its own species ; some of which it must have swallowed several 
feet in " length. This fish-like lizard was an inhabitant of the 
ocean. Fig. 291 exhibits a restored ichthyosaurus. 

Fig. 291. 




IchthyomxuruB eommunCt, 
The head of the ichthyosaurus, with its enormous eje, is shown on Fig. 292. 

Fig. 292. 




Head c/ JcJUhyotaurm, 



S04 PLBSIOSAUBUS. 

PUiiosauTus. — ^This animal, of which twenty c^>ecies have been- 
found, has the general stnicture of the ichtbyosaunis. Its most 
remarkable difference is the great length of the neck, which has 
from twenty to forty vertebrae; a larger number than in any 
known animal ; those of living reptiles varying from three to six, 
and those of birds from nine to twenty-three. 

The largest perfect specimen yet found is eleven feet long, with 
about ninety vertebrsB. Its paddles were proportionally larger 
than in the ichthyosauri. It was carnivorous ; an inhabitant of 
the ocean, or rather of bays and estuaries, where it probably tised 
its long neck for seizing fish beneath, and perhaps flying reptiles 
above the waters. Fig. 293 exhibits a restoration of one of the 
most remarkable species^ the P. dolickodeirus. 

Fig. 29& 




PUHoMurtta dolichodeirue. 

In Fig. 294 we give a sketch of one of the most perfect skeletons of Ple- 
sioflauras macrocephalos as it lay in the rock. 

The preceding were earnivorous reptiles that lived in the sea. 
But during the same period the land was tenanted by others, called 
Dinosaurians, of still more gigantic size, whose teeth indicate that 
they were mostly vegetable feeders, or possibly sometimes living 
on a mixed diet. We give a few examples. 

Megahsaurtu, — ^This name (meaning a great sauriaft) has been given by Dr. 
Buckland to a gigantic terrestrial reptile, thirty feet long, allied to the croco- 
dile and monitor in stractnre, and found in the oolita The animal was car- 
nivorous ; and in the structure of its teeth are combined the knife, the saw, 
and the sabre. Its principal food was probably crocodiles and tortoises. It 
had a Dlnoaaurian companion, called the Hylseosaurus, about twenty -five feet 
long. 



PLBSlOSAU&trs. 

Fig 294. 
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.fUetoaaunu macroee^Jiaiui, 

Ignanodon. — ^This animal approaches nearest in its structure, 
especially that of the teeth, to the living iguana ; a reptile of the 
warmer parts of this continent ; and hence its name ; signifying an 
animal with teeth like the iguana. Its average length was about 
thirty feet ; circumference of the body, 14.5 feet ; length of the hind 
foot, 6.5 feet ; circumference of the thigh, more than seven feet ! The 
form of the teeth shows it to have been herbivorous, like the living 
iguana. It had a horn four inches long upon the snout, like some 
species of iguana. Fig. 295 will give some idea of the iguanodon. 

The Pterosaurians, or flying reptiles come next. They are di- 
vided into several genera but a description of Pterodactylus crassi- 
rostris will give a good idea of the whole, which are probably the 
most heteroclitic of all fossil reptiles. Fig. 296 shows a perfect 
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I6UANODON 

Fig. 295. 




Iguanodon. 

slceleton, with an enormous extension of the fifth or innermost 
digit or finger of the pectoral limbs. This could be only for the 
attachment of a membrane for flying, as in the bat. 

ng. 296. i, ^ 




Pterodjaetylus crassirottrit. 
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In Fig. 297, the membrane as it is snpposed to have existed, is attached to 
the elongated finger. Some of them were so lai^ that the distance from tip 
to tip of their wings, when spread, was eighteen or twenty feet 

Fig. 29T. 




Pterodaetyhu ertusingtHt. 

This animal kad the head and neck of a bird, the mouth of a 
reptile, the wings of a bat, and the body and tafl of a mammifer. 
Its teeth, as well as other parts of its structare, show that it coald 
not have been a bird ; and its osteological characters separate it 
from the tribe of bats. But in many respects it had the char- 
acters of a reptile. These animals were doubtless able to fly like 
the bat, while the fingers with claws projecting from their wings 
enabled them to creep or climb. When their wings were folded, 
they could, perhaps, walk on two feet ; and it is most likely, also, 
they could swim. Their eyes were enormously large ; so that they 
could seek their prey in the night. They probably fed on insects 
chiefly ; though perhaps, also, they had the power of diving for 
fish. 

" Thus," says Dr. Buckland, "like Milton's fiend, all qualified for all services, 
and all elements, the pterodactyle was a fit companion for the kindred reptiles 
that swarmed in the seas, or crawled on the shores of a turbulent planet." 

"The Fiend, 
O'er bog, or steep, through straight, rough, dense, or rare, 
With head, hands, wings, or feet, pursues his way, 
And swims, or sinks, or wades, or creeps, or flies." 

Paradise Lost^ Book 2, line 94t. 
" With flocks of such-like creatures flying in the air, and shoals of no less 
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moostroQS idithjosaori and plesiosaari swarming in the ocean, and gigantic 
crocodiles and tortoises crawling on the shores of the primeval lakes and 
rivers ; air, sea^ and land most hiftve been strangely tenanted in these early 
periods of our infant world." BridgewcUer Treatise, vd. i. p. 224. 

Fossil croccnliles are quite numerous from the lias to tlie chalk 
inclusive. The earlier species had great peculiarities. Many of 
them had long and slender jaws like the gavial of the Ganges. 
Of the twelve living species, three are alligators, eight true croco- 
diles, and one gavisJ. Fig. 298, shows the head of the Mystrio- 
saurus Tiedmanni, from the lias ; a good example of long and 
slender jaws. 

• Fig. 298. 




Mytiriotawnu TUdmamd, 

Excepting their tracks, as already detailed, we have no evidence 
of the existence of Chelonians or tortoises, below the lias. In 
general these are not larger than those now living ; but in some 
of the higher deposits they are found from eight to twenty fbet 
in diameter. 

Birds. — ^The only evidence of the existence of birds as early as 
the lias, or even perhaps the later periods of the trias, depends 
upon their tracks in New England. For no trace of their skele- 
tons has been found, nor of any thing connected with theiPt save 
a few coprolites. But so clearly do some of the tracks correspond 
to the feet of birds in their form, the number of their toes, and 
especially in the number of phalanges, that Professor R. Owen, 
the most eminent of European comparative anatomists, seems fully 
satisfied that they were formed by this class of animals* See his 
arguments on the subject in his admirable work on Palseoptology 
published in 1859. The case is argued also in the Ichnology of 
New England, where full details of the facts are given. In what 
follows in this work upon the oolitic Lithichnozoa the facts are 
also briefly stated. 

Mammalia, — These are warm-blooded, air-breathing, vivipar- 
ous, vertebrate animals. The lowest group on the-scale of organ- 
ization and character are the marsupials, like the kangaroo and 
opossum ; and these, as we might expect and as we have seen. 
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began to appear towards the close of the triassic period. Not less 
than seven genera have been found in the oolitic series, viz., the 
Amphitherium, Amphilestes, Phascolotherium, Btereognathus, 
Spalacotherium, Triconodon and Plagiaulax. They were mostly 
small animals, and some of them were insect-eaters. They have 
been found chiefly in England. 

Zithichnozoa.^The most remarkable locality on the globe for 
fossil footmarks, so far as yet known, is the Connecticut valley 
in Massachusetts and Connecticut. Till of late the rock has been 
regarded as new red sandstone, and that formation is perhaps 
present in the series ; but the belt that contains the footmarks 
seems more probably to be the equivalent of the lower part of the 
oolite, say liassic, or possibly it is the upper part of the trias. In 
Hitchcock's Report on the Ichnology of New England, published 
by the government of Massachusetts, the tracks of 119 species of 
Lithichnozoa are figured and the species described, all of whose 
tracks are Jjreserved in the Ichnological Cabinet of Amherst Col- 
lege. These tracks vary in size from those twenty inches to those 
one twentieth of an inch long, and it would require nearly half a 
million of the latter to cover as much space as one track of the 
former. The animals are divided in that Report into the following 
groups, with more or less probability. These we propose, as the sub^ 
ject is one of novelty and interest, to illustrate by several drawings. 

Cfroup 1. Ma/rsupia2oid8. — One of these, the Anomoepus major, is shown 
on Fig. 299. Fig. 300 shows the Anisopus gracilis. Fig. 301 shows a row 
of the tracks of Anisopus Deweyanus. There are five species of this group. 
Fig. 899. Fig. 800. 



(0 





Afwmaput major, Fif* 8C1. 



Afiisopm DetoeyanM, 
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Oroup 2. PdchydactylouSy or Thick-toed Birds, — ^This is the 
most distinct and important group. The toes often show the im- 
pressions of the phalanges or joints most distinctly, and their num- 
ber corresponds exactly with those of birds. This is shown on 
Fig. 302, and also on Fig. 303, which shows a part of a very per- 
fect specimen in the cabinet, some five feet long. The track of 
the largest species, Fig. 302, is eighteen inches long — ^fourteen 
species in the group. 

Fig. 802. 




Brwtozoum giganteum. 



Group 3. — Leptodadyhusor Narrow-toed Birds. — Of the IT species of these^ 
Fig. 304 will give an example ; and Fig, 305 shows some row3 of what 
seems to have been a biped, yet it is plac^ among the Omithoid Batradiiana 
for reasons that can not be here given. It is Apatichnus circumagens. 

Group 4. — Omithoid Lizards or Batrachians, — ^That is, animals 
which, though upon the whole, we must regard as lizards and 
batrachians, still have some characters that ally them to birds. 




BrmUozoum SiUimanium, 
Fig. 804. 




OmitJiapuM graeOior. 
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ApaJbUHmuB dreumageM, 

The most remarkable of the twelve species is shown on Fig. 306, 
the Gigantitherium, it being so &r as yet discovered, an enormous 
two-legged animal, yet dragging a tail. Its foot is scventeeii 
inches long. 

Gronp 5. — Lizards, Of the 17 species of thia group, Fig. 307 shows the 
hind footy fifteen inches loug, of the largest species, the Polemarchus gigas. 



Fig.SOT. 




PaUmarehui gigoM. 
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Kg. 308 18 the track of a small lizard, the Orthodactjlos flori&n& 

Fig. 806. 



B. 



Otihodaetylua JloH/ei 

Groap 6. — BatrachUms^ — Of the sixteen species of this gp^ap, 
the Otozonm Moodii is the most remarkable— the track is twenty 

Fis.809U 




Otoxoum Moodii, 
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inches long, and covers more than a square foot of surface. The 
drawing Fig. 309, exhibits two hind tracks of this four-footed web- 
footed animal, with numerous smaller tri-digitate tracks on the 
same slab. 

Fig. 310. Pig. 310 shows tracks of Cheirothe- 

roldes pilulatus, with pellets on only 
a part o£ the toea^ like some living 
frogs. 

Group 1. — Ohelonians or Tortoises. 

-The fore and hind feet of one small 

species out of the eight m this group, 

\ ^^ are given on Pig. 311. It is the An- 

- cyropus heteroditus. 

fig. 311. 







Aneyropus heUroditus, 
Group 8. — Fishes. — ^The tracks of this dass are so peculiar that we omit a 
figure. And yet it is an undoubted &ct that fishes do sometimes come out 
of the water, and walk, or rather hobble, over the land. Four species are 
given in the Beport 

Group 9. — CrustaceanSy MyriapodSy and Insects. — ^Perhaps it is 
not possible to distinguish between these classes in many cases by 
their tracks, and, therefore, they are grouped together. The fol- 
lowing sketches are copied from slabs in the cabinet, and are of 
the natural size. Those with six legs were most likely insects; the 
the others perhaps crustaceans, or myriapods. Fig. 312 shows 
Hamipes didactylus. Fig. 813 two trackways of Bifurculapea 
laqueatus, and one of Hexapodichnus horrens. Fig. 314 was 
made by Copeza triremis {the three oared oar-foot,) Fig. 316 by 
Acanthichnua cursorius, and Fig. 316 by Lithographus cruscularis 
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Bifurculapet lagueatu$. 
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CojKza triremU, 



and Bifurculapes elachisto- 
tatus; the latter the smallest 
of all tracks yet discovered, 
requiring half a million of 
them to fill a space equal 
to the foot of Otozoum 
Moodii. 

We give two species of An- 
nelid tracks. Fig. 317 shows a 
single furrow like that made by 
the earth-worm in summer 
after a shower, and is called 



Fig. 315. 
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AcarUMchnus euraorius. 



Fig. 81«. 
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Bi/urcu.lap€9 elachistotatua. 
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tJalmikas intermedfaifl. Fig. 318. represents a worm wludi moved by fisdag 
Its bead upon the mod and drawing up its poeterioTB, then advancing its head 
to find another fhlcrom. This is called HalyBichnas laqueatus. 

This, althongli a yery meagre 
acconnt, discloses a yeiy re- 
marlcable £einiia in the 0>imecti- 
cnt valley, in sandstone days. 
Yet with the exception of one 
or two skeletons of rather small 
r^tiles, and a few coprolites, the 
tracks are all the evidence we 
have of the former existence 
of so many huge and strange 
beings. Well may we say with 
Hngh Miller, "they are fraught 
with strange meanings, those 
footprints of the ConnecticEt.'* 




VhUuout intermediu9. 



Fig.81& 




Hdlyeiehnus laqiuaiut. 

There is another curious fact generally connected with these 
footmarks. The same surfaces are frequently covered with small 
pits, which can not be distinguished from those made on mud and 
clay by rain drops ; and such they are now regarded. Even the 
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direction of the wind at the time they were made can sometiik^ 
be determined by the parallel elongation of the rain impressions* 
Fig. 319 will give an idea of the iisual appearance of the fossil 
rain drops. 




Jbssd Sain Drops. 

These fossil rain drops are found on all the aqneons deposits as 
^.Jw back as the Cambrian. 

(^ Modeof Formation of the Tracks.— A. child hardly needs any 
V help in forming a theory as to the origin of fossil footmarks. He 
will say they must have been made by animals walking over the 
surfece while the rock was soft> which was subsequently hardened. 
The rain drops, which are frequently on the same surface, show 
that it was out of water when trodden upon, though some cases 
prove it to have been sometimes under the water. The whole 
surface must have been subsequently covered in order to bring 
mud over the tracks to form the rock above them and preserve 
them. Thus would the tracks be slowly filled up, and not entirely 
disappear till several layers of mud had accumulated above them ; 
and besides, the weight of the animal would bend downward sev- 
eral layers of mud beneath the tracks, so that when the rock was 
afterwards split open, we should find the same tracks, more or less^ 
perfectly exhibited, on several layers. Putting these layers to- 
gether by hinges, we get a, fossil hook of great interest. Fig. 320 j 
represents the most remarkable volume of this sort ever put to- 
gether. Two tracks are here shown passing through five layers 
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9f rock. The specimen (in the Anilierst I<^iiol<^ical Gitmfet) is 
nineteen incheiEi long by eight, and five Ukches thick when shut. 



Fig. 82a 




The Massadiusetts Ichnological Report grotips the 119 species of Lithicb- 
nozoa hitherto discovered in the Connecticut valley as follows : 

Marsnpialoid aninials . . . . . . .5 

Thick-toed birds . . . . • . . .14 

Narrow-toed birds . : . . . . . . .17 

Omithoid Lizards or Batrachians . . . . .10 

'Lizards . •.•:.!.:..; .•':.... ^ .•;.•.:»■.'. "^ •; . , 1% 

Batrachians, the Frog and Salamander familj. , \. . 11 

Chelonians or tortoises .... ./ . '. , .8 

Kdies . . . ' . . ... . . 4 

Crustaceans, Myriappds and insects . - . . » r . • 1? 

Annelids, or naked w;orms . . . . : . • ? 

Of uncertain place . . ' . i • . . . i^ 

Lithichnozoa in the Wealden. — ^Mr. Beckles has obtained from 
the Hastings sand, a middle member of the Wealden formation 
in England, impressions of enormbr^s size, which are three toed, 
and the animal apparently a biped, Fig. 321. Yet Prof. Owen is 
inclined to regard them iis made by the Iguanodon, and supposes 
the tracks of the fore feet were always covered by the hind feet. 
The largest of these tracks are twenty-eight inches long and 
twenty-five broad, and the stride sometimes reaches forty-six 
inches. 

9, Cretaceous Period. . 

The plants of the cretaceous system, including the green, nnd, 
are not very numerous or important ; and we shall pass them by. 
The animals, however, are very abundant. The Protozoa are 
Jai^ly developed, especially the Amorphozoa, or organisms allied 



FOB SIX. SPONGES. 



3^1 



to sponges, and the Foraminifera. Of the first we present two 
examples. Fig. 322 shows the Yentriculites radiatus and Fig. 323 
the Cceloptychium lobatum, both from the European chalk. 



Fig. 822. 




VMirieulites radiaJtuM. 
Fig. 823. 




We have elsewhere spoken of the great difficulty naturalists 
have experienced in disposing of the sponges, both living and fos- 
sil. They arc certainly organic ; but whether animals or pHints, 
or to be regarded as an intermediate group, as Owen supposes, 
remains to be decided. Pictet divides them into three families ; 
3, the Spongides; 2, the Clionides; 3, the Petrospongides : the 
last of which is exclusively fbssil. They commence with the Silu- 
rian, where are three genera« One is added in the Devonian, 
four in the Permian, five in the Trias, nine in the Oolite, and 

uin^een in the chalk. 

14* 
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The Foraiiiinifera are mostly microscopic, and they fi>rm often a large part 
of rocks. Nearly half of the chalk of northern Europe is composed of them. 
We give bek)W, in Figs. 324, 825, 326, 327, 328, 329, six species, greatly 
magnified, firom the chalk ibrmatk>n. 



Fig. 824. 



Fig. 825. 





OUmduUnapygmaa. 



GZonduUna nunK/'Mea. 



Fig. 82«. 



Fig. 827. 





Jfodotaria proU>$eidM CrUteOoHa SpUehoUH, 



Fig. 828. 



Fig. 829. 




A'onionina quatemia Rotalina involuta. 
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In the RetkniUpora obliqua^ Fig. 330, we give a single example of a fossil 
Polyzoa^ or firyozoa; animals regarded ^7 some as a bnuich oi the molluscs, 
coining under the division Molluscoidea. 

Fig. 880. 




BeUctOipora oU^WL 

Fig. 331 gives an example of the Aciinozoaf viz., the Diploctenium corda- 
tam, and Fig. 332 another genus of the same classy the Anthophyllom atlan- 
ticum of this country. 

Fig. 881. 




AntJtopi^nm affantkum. 



Diploetenium cordatum. 

Tlie Molluscs are abundant, and we give a few examples. 
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Among the Oonclnfem is Spomdylus spinosos, ^lown on Fig. 33^1 ^g: 
i34 represents tbe Ostrea pectinata ; Fig. 335 the Lyriodon scaber ; Fig. 336 

Fig 888. ..s^^'^^^^'^^!^*^ F^F' ^W. 




IVi^Ma c€Mdaia. 



IlipjmfiifA 'l^uca&iOMU 
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,fhe beautiful Trigonia caudata^ and F!gi SSt «Uie Himmritos toucasiana— 4 
genus quite characteristic of the cha^ Figs, 33d ana 939 show a side and 
a fiat view of Inoceramus suloatus. 

rig. 888. Flg.88D. 





InocermnuB suleatM Jnooeramus tuleatug. 

Among the univalves, Fig. 340 shows the Turritella catenatus. 
. Fig. 840. 




rig. u-L 



Scaphiiet YmnJii. 




Aneijloeerut MxtherwUaiMS 
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Of the Cephalopoda, the Scaphites Yvanni is shown on Kg. 341, aad thd 
Ancylocerus Matheronianus on Fig. 342. 

Of the Echinoderma, which are abundant and beautiful in this fcMfmatioii, 
we give only the star>fi3h, Palaeocoma Fuatenbergii, in Fig. 343. 

FJg.M8. ^ 




PaJLasoeoma Pugtsnberrfii. 

Not less than seventy-eight genera of fishes have been described in the 
chalk, which we must pass by, because they present no important new^inse 
not already noticed. - f/. 

Fig. 844 .■^'^' 




Cheionia BensUdi, 
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Hg. 344 shows a specimen of a Chelonian or tortoise, the Chelonia Ben- 
stedi, from the lower chalk of England. 

Of reptiles, we give, on Fig. 345, a view of the head of the 
Mososanrns Hofmanni, as it appears in the Msestricht limestone. 
Up to the time of the deposition of the chalk, the ichthyosaurus 
and plesiosauros appear to have ruled in the ocean ; but then they 
disappeared, and the mososaurus took their place, to keep the 
multiplication of the species of other animals within proper limits. 
It was most nearly related in its structure to the monitor, a species 
of lizard now living. While the head of the largest monitor does 
not exceed five inches in length, that of the mososaurus is four 
feet' long; and the whole animal is twenty-five feet, while the 
monitor is only five feet in length. It had paddles instead of legs, 
and the number of its vertebrse was 133. 

FlK. 845. 




Mosowurui Hofmanni, 

In 1868, Professor Leidy described a remarkable reptile from 
the cretaceous marl pits of New Jersey, to which he gave the 
name of Hadrosaurus Foulkii. It was a huge herbivorous saurian, 
closely allied to the Iguanodon, probably twenty-five feet long, 
whose thigh bone is nearly a third longer than that of a common 
mastodon. Its tail was three feet deep. Though dug out of a 
marine deposit, it was probably amphibious. 

According to Prof. Owen {Art Paloeontology in the Encyclo' 
pedia Britannica) the " trifid metatarsal of a bird, about the size 
of a woodcock" has been found in the Cambridge Green sand of 
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ydd. Thk i9 the earliest exiunple<^ t^e bones of birds in. 
/ocks. 

We have now reaeh^ the top of {he Mesozoic or Secpnd^ry 
A-'eriod. Its peculiar characters are as fellows : 

1. In it Mammiferons Animals are found but rarely, and of 
small size, belonging to the Marsupial sub-class. 

2. The Beptiles have an immense development in this period. 
Their great size and a.bundance have led some authors to call tbis 
the Palseosaurian Age, or the Reign of Reptiles^ But such phrases 
are rather poetical than scientific. 

3. The beautiful group of Ammonites and Bel^mnites with 
ramified divisions between the chambers, belongs exclusively to 
this period. 

4. The Echinoderms are quite diflferent fix>m. those of the Pabeo-. 
zoic Period. The Echinides and Stellerides have a great devel- 
opment. 

5. The Polypi belong to peculiar groups not found scarcely in 
the paleozoic, ^jr o^^ j ' >■/ 

10. TBBTIABY PEBIOD. - , - r / , 

As we pass from the secondary into the tertiary period, we find 
a decided change in the character of the organic remains, scarcely 
a species being common to the two divisions. Those which come 
in with the tertiary strata bear a strong resemblance to existing 
animals and plants, and numerous species are regarded by most 
zoologists as identical with those living now. But other eminent 
naturalists, among whom Agassiz stands at the head, are of the 
opinion that the fossit and living species are not in any case, 
perhaps, identical ; but only closely related. At any rate, we find 
the fossil species becoming more and more like those alive, as we 
ascend in the tertiary series, so that it becomes more and more 
diflBcult to distinguish between them. 

Sir Charles LjeU's well-known division of the tertiary strata mto Bocene, 
(the lowest group), Miocene and Pliocene, is founded on the per cent of liv- 
ing species in the different groups. It does not exceed five per cent, in the 
Eocene, twenty-five in the Miocene, and is between fifty and seventy in the 
Pliocene. In fact the per cent varies all the way finom n<^ing to seventy 
from the bottom to top, and hence it seems a merely arbitrary assomption to 
stop at any particular per cent Moreover, if the opinion of other eminent 
zoologists is correct, that the species are all extinct, this classification Mia to 
the ground. Yet it is generally adopted by Eoglii^ writersi and it would 
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8eem as if there must be somethixig natural about it. Tet other diyisons are 
made by continental writers. Pictet and D'Orbig^y make six divisions. 1. The 
Inferior or Suesonian. 2. The Caicaire grossier, or Parisien in part 3. The 
Eosene superior, or Parisien in part 4. The Superior^Bandstones, or Falu- 
nien ia part 6. The Miocene, properly so-called, or Falunien in part 
6. The JE^Mocene, or sub-appenine. We shall not in this work be able to go 
enough into detafls to render it necessary to use either of these classifications, 
but shall treat of the tertiary strata as a whole. 

Ptants.—lihQ tertiary flora is characterized by the abundance 
of Angiospermous Dicotyledons, and Monocotyledons, especially 
Palms. These plants constitute more than three-fourths of the 
present vegetable productions of the globe. They began to ap- 
pear in the chalk, but were not fully developed till the tertiary 
period. In the earlier part of the tertiary, marine and coniferous 
plants predominated. In the middle part, there was a mixture of 
tropical and temperate forms, and in the upper partj a great re*- 
semblance to the plants of the temperate regions of Europe, 
North America, and Japan. 

We shall give illustrations only of certain remarkable fruits 
which occur in the upper tertiary, along with brown coal, at 
Brandon, in Vermont. They have not yet been referred to 
known genera. 

They do not, however, correspond with any plants now grow- 
ing in the northern parts of our Country, and are doubtless of a 
tropical character. The figures below will give an idea of their 
size, shape and markings, and may serve as an example of tertiary 
fruits. 

Hgs. 346, 347 and 348 represent the most common species ; the first two 
show the specimen flatwise; the other edgewise. Figs. 349, 350 and 351 



Fig. 34A. 



Fig. 847. 



Fig. 84a 
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TBBTIAEY FBUITS, 
Fig. 8«. Fig. S9Q. 



Fig. SSL 




show the same as to a less common species. Figs. 352 and 353 show a some- 
what different species. Figs. 354 and 355 represent a not unusual species, 
almost exactly spherical Fig. 356 is similar but elongated, fig. 857 shows 
a single carpel Figs. 358 and 359 exhibit specimens with the apex quite 
aside from the geometrical axis. Figs. 360 and 361 have longitudiual ridges 
quite promment Figs. 362, 363 and 364 are more or less triquetrous. Figai 
365 and 866 are elongated, slightly striated, small ihiits, with a rather tiodf 
ejHcarp. F^s. 367, 368 and 369 are leguminous seeds. Fig. 370 la an eler 
gant and firail seed, with delicate waving striss. 



Fig. 858. 



xig.'tes. 



I1g.S6i. 




Fig.86S. 




I1g.35«. 



Fig.89r. 
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Fig. S58. Fig. 35Q. Fig. 380. 





Fig. 861. Fig. Sei Fig. 863. 




864. Fig. 365. Fig. 366. Fig. 367 Fig. 363. Fig. 869. Fig. STO. 
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Animals, — ^Of the Protozoa we shall give only an example of 
the largest known species of Foraminifera. These occur in all the 
formations, 657 species and 73 genera having been already de- 
scribed. They increase in number and variety as we ascend 
through the strata, and reach their maximum development in the 
present seas. They are thought to be the oldest of all animals. 
Several species now living can not be distinguished from some in 
the chalk, and one or two go back as &r as the lias. But on this 
subject, as we have seen, there are two opinions. 

"Fig, 3*71 exhibits a horizontal section of a Nummulite of the natural size 
(they are sometimes nearly two inches across), showing the division into 
chambers. Fig. 372 shows several of the shells in rock. This is the species 
which f<»ins a large part of the pyramids of Eygpt and the Sphinx. 



Fig. 872. 



Fig; 871. 





ITummulite, 
Pig. 373 shows a delicate species of Zoantharian Polyp, the Torbinolia 
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DftoniL A seoond, the Astrea semispherica^ is given oa Hg. 374. On Fig, 
S75 is giyen a Brjozoa, the Fasdcolipora ^Tarwllii. 

Fig. 373. Fig.8T4. 
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TurbinoUa JHaordi. 
Of the conchiferous molluscs, or 
ordinary bivalves, we give only two, 
and that mainly to show how nearly 
they resemble existing species. Fig. 
376 shows the Pholadomya Mellevilli, 
and Fig. 377 the Oorbula Oallica. 



Fi&371 





Pholadami/A MeOevUlei, 



Oorbula W(Hetu 

The fossil species of oTdinaiy 
bivalviss nr^ neiarly 6,000, iwhfle 
the recent species are little more 
than half that nuinber. Yet as 
a group it attains its maximum in the present seas. There aro^ 
seven times more genera in the newer tertiary than in the Silurian, 
which has yielded less than 100 species, while the chalk contains 
600, and the miocene tertiary 800. 

The four following fijrures wiH give some idea of the Gasteropod Molluscs 
in the tertiary. Fig. 378 shows the Fulo^ir canaliculatus from Maryland. 
Fig. 379 the Murex tricarinoides. Fig. 380 the Terebra ftu3eato,vand Rg. 
3«1 the Oypraea elegans. :.,.:.. 
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Fig. 378. 



Fig. 879. 




Fulgur eandUctOatut, 



Fig. 380. 




Murex tricarinoides. 
Fig. 381. 





Cypraea elegana. 

The fossil univalve shells, which are less than 100 species in the 
Silnrian, have increased upward to the newer tertiary, which has 
yielded twenty times as many species. All the fossil species are 
less than 6,000, while the recent species exceed 8,000. The air- 
breathing molluscs found fossil bear a still smaller proportion to 
those now alive. Only 300 species of land snails, and half as 
many other air-breathers occur fossil, but the living land snails 
exceed 4,000. 

Passing by the other groups of the lower animals, we come to 
the vertebrates. The number of fish is greatly increased, amount- 
ing to 188 genera ; but they approach existing forms so much 
that we give only a few examples, and those rather peculiar ; for 
one-third of the genera of the lower tertiary have become extinct, 
and these are some of them. 

Fig. 382 shows the Semiophoros velicans of Agaasiz, fhna the famous 
locality at Monte Bolca, in Italy. 

Fig. 383 shows a small fish called Lebias cephalotes, fix>m the fi^sh water 
tertiary strata, in France. It gives a good idea of their crowded condition 
aometimes. - . 

The Squalidffi or sharks have prevailed in all periods of the 
world's histoiy since fishes first appeared. Many of those in the 
present seas are large and justly dreaded. But they are mere 
pigmies compared with those that swam in the seas that washed 
the shores of North and South Carolina during the eocene and 
micocene periods, as Fig. 384 will prove. It is copied firom a 
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FISHES, 



Fig.S82. 




SenUqphorua velieaitB, 
F1&88& 




specimen found in N'ortli Carolina, and belonged to the C&rchar^ 
don megalodon. Prof. Owen describe a a Carcharodon thirty -*even 
feet long, with teeth two inches long aad nearly two broad. Yet 
this tooth is five inches long and four and a half broad, and Pro- 
fessor Gibbcs, in hia Monograph of the fossil Squftlida of the 
United States, say a that they are sometimes 6.5 inches high and 
five inches broiki. *' I^" says Prof. Owen, ** the proportions of 
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these extinct Carcharodons correspond witli those of the existing 
species, they must have equaled the great niammiferous whales in 
size ; and combining with the organization of the shark its bold 
and insatiable character, they must have constituted the most ter- 
rific and irresistible of the predaceous monsters of the deep." 

Fig. 384. 




SharVa Tooth, natuna »Us ; JSwihCwroUna. 
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The reptiles of the tertiary, some of l^em at leasts bear a srtroBg 
resemblance to exis^g races. As an example, we give in Fig. 
385 the^ Palseobatrachns Goldftiis^}, dug out df the paper coal^ as 
it is called, on the Ebine. 

Flg.»SSt 




itsMi J)ifwoianBL 

Not less than 104 species of Reptiles and Amphibia Have been 
described from the tertiary. Among them w.e find seven species 
of crocodiles, embracing the alligator. Fig. 386 shows a part of 
the jaw of one of these latter animals from the tertiary of the Lale 
of Wght. 

Fig. 88«L 




Jaw fif Alligator, Ide of Wight 

Not less than eighteen species of crocodiles in a fossil state have 
been found in the tertiary ; also nineteen species of land tortoises, 
seventeen species of pond tQrtcwses, eighteen species of river tor- 
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toises, and sixteen species of sea tortoises, ot turtles, "as they are 
generally called; likewise seven species. of lizards. 

' The Ophidia, or serpents, first appear in the tertiary, "Where at least ten 
species hav6 been describecL 

The first certain remains' of birds, with one exception in the 
green sand, are fouiid in the tertiary, where twenty-three species, 
belonging to six known orders have been fpund. The most in- 
teresting is the Gastornis Parisiensis, described by Prof. Owen 
from the eocene tertiary of Paris. It was as large as an ostrich, 
and its aflSnities seem to place it between the Gallinaceae, the 
Grallatores, and Cursores. 

The influx of mammalia during the tertiary period is most re- 
markable. While only some ten or twelve species, and these of 
the most imperfect tribes, have been found in all the rocks below, 
already over 400 species have been described in the tertiary. Of 
these, ten species were monkeys, ninety-four carnivora, 109 Ar- 
tiodactyla, or even-toed (two or four) animals (to adopt Owen's 
classification), fifty-nine Perissodactyla or odd-toed (one or three), 
eleven Proboscidea (elephants), three Toxodontia, ten of the Sire- 
nia, twenty-seven of the Cetacea or whale tribe, three of the Chir- 
optera or bat tribe, twenty-six of the Inseetivoraor insect-eat^«, 
thirty-eight of the Eodentia or gnawers, and iiine of th« Marsu- 
pialia; We can give only a few exaniples from this great number. 

Among the Carnivoray the dog, sometinaes resembling the 
wolf, sonietimes the fox, and sonietimes the domestic dog, appeared- 
ia the eocene tertiary, a& did also a species of Jiyena as large as a 
leopard. The bear, aJso^ and the sea,l, came in somewhat later. 

Fig.sar/ 




A-noplotherium Commune, 
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Among the Artiodactyla may be mentioned the hippopotamus 
and the hog ; also several extinct allied animals, dug up in the 
yicinitj of Paris, of which the Anoplotherium commune, shown on 
Fig. 38*7, will give an example. This animal was about the size 
of the wild boar, and could swim well. 

Another of these animals from the Paris basin was the Palseotherium, of 
which there were several species, ranging in size from that of a sheep to a 
horae^ and of which Fig. 388 will give an idea. 

Fig.S8S. 




liakeotheriwn. 

Among the nmunants of the Artiodactjrla foand fossil maj be mentioned 
ibe oam<3, the giraffe, the musk, various kinds of deer, and the giant ammals 
found in the miocene of India, called the Sivatherium and Bramatherium, 
yfindi almost equaled the elephant in size. 

Among the pachydermatus, or thick-skinned animals, reckoned 
by Owen among his Proboscidea, we find the living genera elephasy 
rhinoceros and tapir in a fossil state, as well as the extinct genns 

Tig. 889. 
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mastodon. This last animal appears to have been the elephant 
of tertiary days, and is distinguished from the elephant chiefly by 
the form of the teeth. Fig. 389 shows the tubercular character 
of the mastodon^s tooth, and Fig. 390 the flat surface of the ele- 
phant's tooth. 

Fig. 890. 




Three species of mastodon have been found fn the Miocene 
tertiary, eight in the Pliocene, and three in Alluvium. The great 
mastodon of this country occurs in the latter, and we shall recur 
to it again. The elephant has been found in the tertiary of India, 
but only in alluvium or pleistocene in Europe and America. 

The order Sirenia furnishes a remarkable and probably the 
largest of quadrupeds that have lived on the globe. The mam- 
moth and mastodon have been supposed to be the most gigantic, 
but they must give place to the Dinotherium, described by Cuvier 
as a gigantic tapir, but by Professor I^up as a new genus between 
the tapir and the mastodon ; and adapted to that lacustrine con- 
dition of the earth which seems to have been so common during 
the deposition of the tertiary strata. Its remains have been found 
iti tertiary strata, in the south of France, in Austria, Bavaria, In- 
dia, and especially in Hesse Darmstadt. Its length must have 
been as much as eighteen feet. One of its most remarkable pe- 
culiarities consisted in two enormous tusks, at the anterior extrem- 
ity of the lower jaw, which curved downwards, like those of the 
walrus. Its general structure seems to have been adapted to 
digging in the ground ; and for this purpose its feet as well as 
tusks, projecting a foot or two beyond the jaws, which were four 
feet long, were intended. It lived principally in the water, like 
the hippopotamus ; and it probably used its tusks for tearing up 
the roots of aquatic vegetables, which, as is shown by its teeth 
constituted its food. They might have been useful also to aid in 
drsiggiug the body oat of the water and for defense. 
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Fig. 391 is a sketch of the Dinoiherium giganteum as restored by Professor 
Kaup. One or two other species have been ibond. 

Fig. 891. 




Dinotherium giganteum. 
Fig. 392 represents the head of the same animal . 
Fig. 393. 




JHnotherium giganteum Head, 

The tertiary strata furnisli several species of dolphin and whale 
among the cetacea ; but the most remarkable animal is the ex- 
tinct genus Zeuglodon found in Alabama in the eocene tertiary, 
of which three or four species are recognized, but some doubt 
whether they are true cetaceans. 

The annexed sketch, Pig. 393, may give some idea of the Zeuglodoa 
macrospondylus, but we have no great confidence in its accuracy. 

Many other kinds of mammiferous animals have been found in the tertia^. 
but we have not room to describe them. Among those best known are the 
bat, the hedgehog, the shrew, the mole, the squirrel, the jerboa, the rat antt 
mouse, the beaver, the porcupine, the hare, the opossum, etc. 
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/v The p^laeoBtological : characteristics 
of the tertiary period^ at which we have 
alreadyhinted, are very marked. They 
are the following, principally. 

1. The appearance and great devel- 
opment of mammiferous animals is the 
most important feature. With the ex- 
ception of some ten or twelve species 
of marsupials in the rocks below, all the 
other mammalia, to the number of 400, 
open before us in the tertiary, and seem 
to be the precursors of the 2,000 spe- 
cies now inhabiting the globe. 

2. The tertiary reptiles and fishes 
come near the living fprm% and many 
correspond so closely that the best nat- 
uralists can not distinguish between 
tb^m. 

3. The Belemnites and Ammonites, 
which were so abundant to the top of ^ 
the cretaceous period, suddenly disap- g 
pear and have norepreseiitatives in th6 I 
tertiary. \j ^1 
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11. Alluvial or PLsisTOOEifiB | 
Period. l* 

TTnder these names we include all the 
aqueous deposits above the tertiary. In 
countries, however, where drift is not 
fully developed, it is Aot easy to draw 
the line between the tertiary and the 
alluvial ; but there is no deposit in the 
tertiary that would easily be confounded 
with the coarse, almost unstratified 
mass called drift. But when this drift 
has been comminuted, sorted, and re- 
deposited by water, the layers are easily 
confounded with those of the tertiary 
period. Hence it is very probable that 
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some of the organic remaios which have been referred to pleisto- 
cene deposits really belong to the tertiary, and vice versa ; espe- 
cially as the fossils do not indicate any such great and decided 
change of life between these periods as there was at the close of 
the cretaceous period. The most we can say is, that more th^n 
three fourths of the fossils in alluvium correspond to existing species. 

The most important feature of the alluvial formation was the 
introduction of man near the close of the period, and of numerous 
species, both of animals and plants, much better adapted to his 
wants than the analogous races of earlier times. 

Another interesting fact is, that during the drift period, called 
the glacial period by some, when a lower temperature prevailed, 
the species both of molluscs and of mammals had a more arctic 
character than before, and that afterwards, as a warmer climate 
succeeded, the more southern species again moved northward, and 
the northern species retreated within their present limits. 

The fossil birds and mammals of this period belong almost 
exclusively to extinct species, and often to extinct genera. The 
number of species <rf birds is fi%-four, or more than double those 
in the tertiary. 

By far the most important of these extinct birds are those 
found in New Zealand by English missionaries, and fully described 
by Prof. Owen. He had at first only the fragment of a femur ; 
but by applying to it the principles of comparative anatomy, he 
was able to construct the whole bird, and subsequent discoveries 
proved his conclusions to be true. It belonged to the Struthious 
or ostrich tribe, strongly resembling the Apteryx, a small wing- 
less bird still living in the island. It had no wings, and its skele- 
ton was extremely massive, its toe bones being almost equal to 
those of the elephant, and the leg bones quite as large as those of 
an ox. Prof. Owen has been able to describe eleven species^ of 
this bird from New Zealand, under the name of Dinornis ; though 
to some of the species that had a short hind toe, he gives the 
name of Palapteryx. They varied in height from three to ten 
feet. The natives called them Moas, and there is evidence, from 
their occurrence with the half burnt bones of man on spots where 
cannibal feasts had once taken place, that they must have lived 
within a few hundred years, and possibly some may still be found 
alive. Their bones now occur in the banks of the rivers. 
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. The species of the Moa described by Professor Owen are as follows: Diuor- 
nis gigaDteus, elephantoidea, ingens, strathioides, rheides, dromioides, casua- 
xinus, robtistaS) crassus, geranoides, and curtus. Of tbow we give in Fig. 
394 a restored sketch of Dinomis depbantoides. 




IHrwrniB elepJiarUoides. 

In Madagascar similar bones, quite as large as any of those of 
the Dinomis, along with some egg shells, are preserved in Paris. 
The bird has been called jEpiomis maximus. Its egg was oyer 
13 inches in diameter, and over 33 inches in circumference, and 
equaled 148 hen's eggs, and 50,000 humming bird's eggs in size. 

In New Zealand, along with those of the Dinomis, were found 
the bones of another extinct bird as large as the swan, called the 
Aptomis, and a large coot, the Notomis. So that at least thirteen 
species of remarkable birds have become extinct there at a com- 
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paratively recent date, and two species of Apterjnc "which were 
cotcmporaneoos with the Dinornis are nearly extinct. 

Id the islaDd of Rodrigne^ in the Indian Ocean, once lived another wing- 
less bird, the Pezobaps solitarios^ wbidi has become extinct In fig. 395 we 
give a sketch of it. " * 




Pegchape iSotitaHusi The SolUaire. ^ '' '^ ? ^ 

Other Wmgless or sliort winged birds existed about 200 jears ago, &:^e 
islands of Mauritius .and ;Bpurbon. Thej belonged to the Oohimbidsor 
pigeon tribe. The Dodo^ which weighed fifty pounds, and inhabited Mau- 
ritius, is the most remarkable. It is represented in Fig. 396. One or t«ro 
heads and feet of this bird are' all tha^ remaih Jn the cabinets of Europe 
although the earlier voyager^ saw it aiiveand figured it " \ . , 

One or two species of tliiB' Sturthio Bhea, or S>uth American Ostrich, have 
been found fossil in that country. .-.'• ^ 

"We have seen that the earliest mammals that appeared on the 
globe were marsupials. Among existing animals, Australia is r6» 
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markable for the predominance of this tribe of animals. And 
'there accordingly we find numerous fossil species in the more re- 
cent formations. We show in 397 the head of the gigantic thick- 
rig. sw. 
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skinned kangaroo, called Diprotodon Anstralis. This head was 
three feet long, and its size, as compared with that of man, may- 
be judged of by the human skull placed by its side. 

The number of species of the difiTerent orders of mammalia foand in the 
post-tertiaiy or alluvial strata, maybe seen in the general table of fosBils 
which we shall give at the close of this SecUon. Among them we notice 
only a few. 

These remains occni^ not merely in the common aqueous deposits of alla- 
vium, but many of the most interesting have been obtained from caverns, 
where the bones are preserved by the deposition of stalagmite, which has 
dripped down from the cavern's roof to the floor, enveloping the bones. VfQ 
give, in Fig. 398, a section of the cave of Gailenreuth, in Franoonia, where 
the situation of the stalagmite, the bones, etc^ is obvious to inq>ection. 

Because they are so laige, and found in Europe and America in 
regions too far north for the living elephant, the Mastodon and the 
Mammoth excite great interest. We have already indicated the 
difference between these two genera from the character of their 
teeth. The Mastodon appeared earliest; three species being 
found in the mioceno tertiary, and eight in the pliocene. In 
still newer strata three species are described. They occur in 
Europe, North and South America, and in that famous locality of 
mammalian bones, the Sewalik Hills of India. 

In this country the most remarkable locality of fossil mastodons, elephants^ 
and other animals, is the Big Bone Lick, in Kentucky, about twen^ miles 
southwest of CindnnatL It is estimated that the bones of 100 mastodons, 
20 elephants, two oxen, two deer, and one megalonyx, have been carried 
from this ispoL 

In general the bones of the mastodon in our country occur in 
superficial deposits; many of them in .peat bogs, where the 
animal is sometimes found standing. The largest and most per- 
fect skeleton ever found, we believe, occurred in such a situation, 
in Newburgh, Orange County, New York, from whence, many 
years before, another specimen had been obtained, and was put up 
in Peale's Museum in Philadelphia. That found in 1845 was from 
a peat bog, with marl beneath, and weighed 2,000 pounds. In 
the place where the stomach lay was found a quantity of broken 
twigs, perhaps of the white cedar. This was his last supper. A 
poor sketch of this mastodon is given in Fig. 399. It was pur- 
chased and fully described by the lato Profl John C. "Warren of 
Boston, and by him placed, with many other splendid analogous 
fossils, in a fire-proof cabinet in Boston, where they now are, the 
jMfoperty of his heirs. 
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The mastodons preceded, for the most part, the Mammoth 
{Behemoth^ Arabic), which was a fossil elephant. " The transi- 
tion," says Prof. Owen, " from the mastodontal to the elephantine 
type of dentition is very gradual." Two species of elephant pre- 
ceded in Europe that which is called Mammoth. The most re- 
markable of this species was found in Siberia, encased in frozen 
mud at the mouth of the river Lena. Its flesh was not decayed, 
and it was covered with a reddish wool and long black hairs, in- 
dicating its existence in a colder climate than those, countries 
where the elephant now lives. It is preserved in the Museum of 
Natural History in St. Petersburgh, and has a length of sixteen 
feet and a height of nine feet We give a sketch of this animal 
in Fig. 400. 

Fig. 400. 




Mammoth, 

There are two living species of elephant ; the Asiatic or Indian, 
which extends only to the thirty-first degree of north latitude, and 
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tbe African, whicli occurs as far sontli as the Cape of Good Hope. 

Ten species of fossil elephants have been described, all in post-ter- 

tiaxy strata. 

Rhinoceros, ffippopoiamuSj Eyena, Horse, Ox, Deer, Sivatherium, Monkey, 
Camel, etc. — Most of these animals in their fossil state, differ so little from the 
existing species, that they need not be particularly described in this work. 
They are generally, however, of larger size than the living species. The 
rhinoceros found undecayed in the frozen gravel of Siberia, has already been 
noticed ; and several other species of this animal occur in Europe and in In- 
dia^ associated with the bones of the elephant, also with several species of 
hippopotamus, and on%or two of oxen,, aurochs, and deer. The horns of the 
fossil ox are sometimes very large ; in one example thirty-one inches long. 
Of deer some thirty or forty species have been found in the tertiary and post- 
tertiary. We give, in fig. 401, a sketch of the Megacerus Hibemicvus, or 
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Irish Elk, that measnTed laeasAj <fclevea feet between. tbe tips of 38 



horns. 

The most interesting remains of the hyena are those Ibiind in cayem& 
The sivatkeriwn is an extinct animal recently found in India, in concretionary 
drift, larger than the rhinoceros, furnished with four horzis and a proboscis, 
and forming an mtermediate link between the ruminantia and pachydermata. 
In the same deposit were found the remains of a gigantic species of monkey 
and of a camel. Ten species of monkey have been disooveitid in tertiary de- 
posits; so that the important &ct seems now well established^ that the ani- 
mals approaching nearest to man in their structure, have been found in a 
fossil state. . 

Glyptodon, liega^heriwtK, and Mylodon. — ^The annadiUo, as is well known, 
is covered with a bony armor for defense against enemies, dust, eta The 
few living species of this animal are small and confined chiefly to South 
America, wbere they burrow like the woodchuck. 

But the ancient armadillo, called the Glyptodon by Prof Owen, was a 
giant Its carapace, which is preserved in the Museum of the Royal Coll^ 
of Surgeons in London, resembles a huge cask. Below is a sketch of Uie 
animal as restored. Eig. 402. 

Fig. 402. 




Ofluptod(m CUscipea. 



The Megatherium is an enormous extinct animal, which was once abundant 
in the vast plains or pampas of the same continent. They have been found 
by Mr. Darwin over an extent of 600 miles, accompanied with bones l^ld 
teeth of five other quadrupeds, some of them of a similar construction. 
Bones of this animal are found also on the island of Skiddaway, on the coast 
of Greorgia. It was larger than the rhinoceros, and its proportions were per- 
fectly colossal With a head and neck like those of the sloth, its legs and 
feet exhibit the character of an armadillo, and the ant-eater. Its body was 
twelve feet long and eight feet high. Its forefeet were a yard in length and 
more than twelve inches wide, terminated by gigantic daws. Across its 
haunches it measured five feet, and its thigh bone was nearly throe times as 
thick as that of the elephant. Its spinal marrow must have been a foot in 
diameter, and its tail, at the part nearest the body, twice as large, or six feet 
in circumference 1 Its teeth were admirably adapted for cutting vegetable 
substances, and its general structure and strength seem intended to fit it^r 
digpng in the ground for roots, on which it ^rincip^ly fed. Fig, -403 ex- 
hibits the entire skeleton of this animal, as seen in the Museum at Madrid 
in Spain. 
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MegcUJterium. 

^ In the superficial deposits of Sooth America several other interesting ex- 
tinct animals have been found, belonging mostly to the Pach}'dermata, or 
thick-skinned, and the Edentata. The Toxodon, which had a skull twenty- 
eight inches in length, approxunates in its. structure to several ^milies of 
animals, viz., the Bodentia, the Ruminantia, and Cetacea ; although, in fact, 
a Pachyderm. The Macrauchenia gieatfy resembled the llama, and had a 
neck almost as long as that of the girafife, with a body neariy as large as that 
of theitiinoceros. This, aiaOj was a Padiyderm. The. Mylodon, an Eden- 
tate animal, was of massive and singular proportions. Its body was shorter 
than that of the hippopotamus, but wi^ terminated by a pelvis as broad as 
that of the elephant and deeper, resting on two massive but short hind legs, 
with feet as long as the thigh bones. The tail, as long as the legs, and v^y 
thick and strong, was probably used like that of the kangaroo, to support. the 
body idien the anhnal raised up its anterior extremities. It is supposed by 
Kr. Owen that the peculiar structure of this animal adapted it, first for dig- 
ging around trees, and then, resting upon the tripod base of its hind legs and 
tail, it seized the trunk with its fore 1^ and rocked it to and IVo until it was 
prostrated, audits leaves furtiished food for several days, perhaps. The fol- 
lowing sketch will give a good^idea of this animal. (f%; 404) The Scelido- 
therinm was an azialogous animal not larger than some of the existing ant- 
eaters of South America, but with excessively large hind legai These ani- 
mals are aU called Megatheroids, because they resemble the Megaiherium. . 

MBgalonyx.*^Th\B animal i was first described by; Thomas Jefferson. It 
was found in the nitre caverns of Virginia and Kentucky, and has since be^n 
discovered in other places. It was of the size of the ox, and appears to have 
been nearly relate4 to the sloth. 

As a contrast to the gigantk; animals above described, we ought to mention 
those microscopic organisms that have gone by the name of Infusoria. The 
opinion seems to be gaining ground that the largerpart of them are vege- 
tables; but the astonishing &ct3 as to their minuteness and rapid increase, 
as discovered by Ehrenberg, the great master of the microscope, still remain 
■ thie. Iliey occur most abundantly in very recent deposits, formmg beda be- 
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neatfa the black mad and peat in swamps. Bat they form a part also Othog 
iron ochre, now forming fix>m water, and also in flint and semi-opal. TheT* 
make ap most of the polishing slate of the tertiary strata^ as at Bilin in Bo- 
hemia^ and Ridimond in Yirginia Of that from Bilin a single cabic indi 
contains 41,000 million skeletons, yet the deposit is fourteen feet tbick^ and 
thicker still at Richmond. A cubic inch from a deposit at Maidstone, Ver- 
mont, contains, according to Prot Bailey, 15,000 miUioa skeletons. A cubic 
indi of ochre sometimes contains a billion of skeletons. 

The smallest animalcule is only the 24,000th part of an inch in aze, and 
a single shield wmghs only 187 millionth part of a grain. 500 millimiB of 
them could live in a drop of water. Their increase is prodigious. An indi- 
vidual of the Hydatuia senta in ten days increased to -1,000,000 ; on tiio 
eleventh day to 4,000,000, and on the twelfth to 16,000,000. Another in focff 
days increased to 170 billions. • 

Of €^<y fossil species of these skeletons, Ehrenberg found half to bekmg 
to extinct species. They abound in the chalk and are all marine ; but those 
in newer 'deposits are all fresh- water oiganisms. fig. 406 represents a micro- 
scopic viewof some of these oiganisms of the family BaodUaria^ winch are 
probably vegetables. 

\ Fossil Man. — From the coast of Gaadalonpe two specimens of 
human skeletons have been obtained in solid rock, one of which 
is in the British Museum and the other in the Royal Calunet in 
Paris. The rock is a quite hard limestone, made up of minute 
£:agments of ahells »nd corals, ground down by the wav^ jui4 
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cemented togetber in those places most frequently left dry by the 
waves. Such accumulations are common in the Antilles^ and in 
them sometimes fragments of vessels and human workmanship 
are found at a depth of twenty feet These bones still retain all 
thehr phosphate of lime and some of their animal matter. Some 
suppose them to be the remains of shipwrecked persons, others 
that they are the remains of Caribs and G^ibis, who had a bat- 
tle on this spot in 1710. 

*Wbether these be fossil men will depend upon the meaning 
which we give to the term fossil. According to our definition 
in the last Section (a body buried by natural causes in the earth) 
they are distinctly fo«sil. But those who suppose the body must 
have been buried in the earth ** in a state dfierent from the nor- 
mal and actual conditions of existence,'' would exclude them. 
We give, in Fig. 405, a sketch of the q)ecimcn in the British 
Museum. 

Many other examples of the bones or woife of man have been 
described of late years, so deeply buried in thb earth, or so con- 
nected with the relics of extinct animistls, that some have concluded, 
not only that they are fossil, but of the same ^ as the extinct 
mastodons, rhinoceroses and hippopotami. Such examples often 
occur in caverns, buried beneath mud and stalagmite, as they are 
;found in Greece, the south of France, Belgium, the Suabian .Alps, 
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Yif. 401 andinBraaL In these cases the bones 

, . _ both of man and the animals are nsnallj 

^^K^Q^iy^^V^ separated from one another, so that 

^JK ^£^^3f I A '^ ""^ whole skeletons exist, and often the 

nSv ^^^^f /jt ^ human remains are found only in the 

VVf vt3^ [if ^ uj^r part of the depo^ta. 

f iK^^bh ■ ^^ should call these relics fossils. 
But several difficult questions must be 
settled before we can saj confidently 
that thej were not introduced into 
these caverns subsequent to that of 
the extinct species. For often such 
caverns, in rude times and in days of 
persecution, were inhabited by men, 
who buried their dead there. Again, 
carnivorous animals often dragged in 
there for food the bones of other ani* 
mals. Streams, also, have sometimes^ 
especially in time of flood, drifted bouM 
as well as other thiogs into the caverns, 
and deposited them promiscuously, and 
sometimes earthquakes have changed 
the original levels and mixed together 
drift and alluvial deposits. It is a reasonable conclusion, then, as 
Sir Charles Lyell remarks, that ^ it is not on the evidence of such 
intermixtures that we ought readily to admit, either the high an- 
tiquity of the human race, or the recent date of certain lost spe- 
cies of quadrupeds.'' 

Appeal has also been made to cases of human bones, arrow- 
heads, pottery, etc., in alluvial deposits on the banks and at the 
mouths of rivers. These cases occur in the south of Fruice, at 
the mouth of the Nile, at Natchez, on the Mississippi, etc But 
here again we have many difficult questions to settle as to the rate 
at which river deposits are made, as to the changes in that rate, 
as to the power of heavy substances to sink through semi-plastic 
materials, etc., before we can be certain that man was a cotempo- 
Tary of very ancient extinct animals. 

The point of chief interest affected by these investigations, is 
the question whether any of the facts conflict with the common 
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opinion that Adam was the earliest created liuman being. At all 
times great haste has been manifested by some to make the facts 
sustain the negative. But every geologist who fully understands 
the diflBculties of the subject, and recollects how many analogous 
-facts, confidently relied upon in years past to prove the great an- 
tiquity of man, have been given up as unsatisfactory, will be very 
cautious in respect to new facts. The following positions seem to 
us capable of satisfactory proof : 

1. Man did' not appear upon the globe till a very late epoch of 
the pleistocene or alluvial period. 

2. It does not show his pre-Adamic existence to admit that he 
is found in a fossil state ; since, according to our views, a fossil 
condition does not prove great age. 

3. Nor is that implied if we admit that his remains occur in 
what some geologists call drift. The true drift occurs only in high 
latitudes, and when men say that human bones in Egypt, the south 
of France, or at Natchez, are found in drift, they must mean modi- 
fied drifts or alluvium ; since no true drift is found in those places, 
and the age of such drift remains to be proved. 

4. Nor are human relics necessarily pre-Adamic because they 
occur with those of extinct animals. For we have shown that not 
a few animals, some sixteen species of birds, and some quadrupeds, 
have become extinct within historic times. The great Cetacean 
called Stelleria seems lately to have disappeared, and the arctic 
buffalo (Ovibus moschatus) is on the point of extinction. But, 
says Owen, ^ fossil remains of Ovibus and Stelleria show that they 
were cotemporaries of Elephas primigenius and Rhinoceros tich-. 
onrhinus." Are we sure that the mastodon has not lived within 
historic times ? The Newburgh specimen seems certainly quite 
recent. 

5. If it should turn out that fossil men exist in deposits decidedly 
older than Adam, they may belong to extinct species, and there- 
fore not prove the pre-Adamic existence of the present race. 

6. The creation of man, along with a vast number of cotempo- 
rary species of a higher grade than the earth had before seen, 
and forming the culmination of organic existence on the globe, is 
the most remarkable fact of geological history, and marks off the 
alluvial period from all others. 

7. This last creation is distinguished from all that have pre- 
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ceded it on the globe in two respects : first, it presents bj far th« 
fullest and most perfect fauna and flora ; secondly, it was not 
preceded immediately by any such violent catastrophes as in most 
other cases destroyed the existing races ; but in this case many 
species lived on, or were recreated. In the more delicate organi- 
zation and higher powers of the present races we can see why 
much previous preparation was necessary and catastrophes nnde- 
sirable. A 

Lithichnozoa. — ^It may seem ineougruous to denommate tracks !n mud and 
day llthichiiozoa, since this term means sUmy-irack animals ; bat it is not 
more improper than to call mud and marl rock. At any rate the tracks in 
mud and clay are a complete counterpart of those in consolidated rock ; so 
that he who has seen the first, will no longer doubt as to the last Br. 
Buckland first described (in 1841) the tracks of deer and oxen upon mud, 
beneath a bed of peat in Pembiokeslure, England. Dr. A. A. Gould was the 
first to describe a famous locality on the Bay of Fundy, where the tracks of 
birds are preserved in great perfection. We have found, and one dT us long 
ago described, a large variety of tracks witli rain drops on the day at Bad- 
ley, in Massachusetts, on the banks of Connectiout river. Fig. 407 shows the 
ttacks of a snipe with rain drops on that Hadley day. 

Fig. 407. 




On Fig. 408 we have the track of an annelid, or myriapod, with*the hairt 

Fig. 408. 
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or legs on the side less delicate than in the original It shows also a frog's 
track. 

On Fig. 409 we have the addition of a man's tracks to those of a bird, prob- 
ably of a crow, and rain drops. This shows us that liad man lived in sand- 
stone d&jSf his tracks would probably be found with those of other animals. 

Fig 409. 




TABULAR VIEW OF FOSSIL ANIMALS. 

The following Table is an abstract of the catalogue of ibssil anunals given 
in Juke's able Manual of Geology (London, 1857). He derived it almost 
entirely from Pictet's T^aite de Fai^niologie, etc. (Paris, 1853 to 1857), 
Pictet does not profess to give a complete list of the species, but notices only 
the most important Hence this Table contams only 20,299, whereas the 
Table m the last edition of our work, taken from Bronn's Index Palseonto- 
logicus, gave 24,397, in 1849 ; and doubtless many thousands have been 
added since. But Pictet's enumeration gives a more recent and better view 
of the present distribution of* the fossi^ and therefore we use it with this 
explanation. 

In Juke's catalogue we found quite a number of species referred to the 
Silurian formation without distinguishing between the Upper and Lower 
Silurian. In such a case we divided the number equally between these groups, 
as, for instance, 33 Trilobites, 14 Kchinoderms, 66 Ck)nchifera, 29 Gepha- 
lophora^ 4 Rugosa, and 14 Zomtharia. So in the tertiary, several species 
are given, and the particular division of that formation is not specified. Thus, 
67 spedes of Crustacea were divided equally among the Eocene, Miocene, 
and PUocene groups; idso 96 Cephalophora, 387 Conchiiera, 19 Bryozoa, 
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360 FOSSIL PLANTS. 

5 Zoai^ktbaria, ftnd 4 Foraminifera. This is rerj tinsatis&ctorjr; but these 
numbers caa easily be deducted from those given in the Table, if any one 
pleases. 

We have made no changes in the number given by Jukes, save in & very 
few cases, where some interesting q>ecies have been quite recently discovered. 
We have, however, annexed to the Table a group of animals, not yet thought 
to be determined with sufficient certainty to be placed in ^e divisions to 
which they belong, if there is no mistake as to thsir nature. These are the 
LWUchnozoa^ or animals known only by their tracks. We believe that in 
many instances a track furnishes quite as good a means of determming the 
character of an extmct animal, as the imperfect fragments of their skele- 
tons from which their nature has been inferred. But palaeontologists are rea- 
sonably slow m admitting any new principles, and therefore let this group 
stand by itseU^ and pass for as much as it is worth. The enumeration which 
we give must of course be very imperfect ; yet it is interesting to see that 
there is scarcely a formation that has not already its Idmology. Professor 
Owen has fully installed this branch of Palaeontology into its proper place 
in his admirable work on Palseontology, fixun the Encyclopedia Biitaxmica^ 
JSighih Edition, and thsre is the bert account of Ichnology as a whole which 
we have seen. 

FOSSIL PLANTS. 

linger in his work on Palaeophytology has presented tis with the foUowing 
estimate of the genera and species of fossil plants arranged under the three 
divisions of Diootyledonfl^ Monocotyledons, and Acolyledons. 

Dicotyledons: Oenera, Speeiet. 

Thalamiflorse, 24 , . 84 . 

Calycifloraa, . . . . . 66 . . 182 

CoroUiflorsB, . . . . • 23 . . 60 

Monochlamydeffi Angiospermse, . 48 . . 221 

Gymnospermae, . . 56 • . 363 

Monocotyledons. 

Dictyogense^ ..... 2 . . 5 

Petafoideae, 36 . . 125 

Glumiferse, ..... 5 . . 12 

Acotykdons, 

Thallogenae, . ... .31 . . 203 

Acrogenae, . . . . . 121 . . 969 

Ihubtftd, ....... 35 . . 19t 

437 2421 
These are distributed through the rocks as follows : 

Species. 

Cambrian, Silurian and Devoman, .... 73 

Carboniferous, . . 683 

Permian, :. . , * . . . , . 76 

Magnesian Limestone, 21 

Trias or Upper New Red Sandstone, 33 

Trias, Shell Limestone, ..:.... 7 

Trias, Variegated Marls, 70 

Lias, 126 

Upper Middle and Lower Oolite, 168 

1262 
Forwivd. 
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Species. 

Brought forward 1262 

"Wealden, • 61 

Green Sand and Chalk, . . . . . . . 122 

Eocene, . • 414 

Miocene, 496 

Pliocene, 35 

Pleistocene, ........ 31 

Fossil Speciei, 2421 



SECTION III. 

XAWS BY WHICH ORGANIC REMAINS HAVB BEEN DISTRIBUTED, 

"We have seen in the last Section that the animals and plants 
have experienced great changes, as vre have briefly reviewed them 
in their several formations. We now proceed to point out the 
laws by which these changes have been regulated. For, however 
irregular and capricious the operations of nature may seem to 
jBuperficial observation, we And that wise and harmonious laws are 
always concerned. 

Mrst Law. — Species of animals and plants have had a limited 
duration^ rarely extending from one formation into another, 

"We apply the word species in fossils just as we do in living animals and 
plants. A number of species closely related constitute a genus; a number 
of genera, having certain common characters, form an Order: several orders a 
Class, -and several classes a Province, or Sub-kingdom, or Kingdom. 

Now it is of the species only that we speak under this law. The larger 
divisions, genera, orders and classes, do extend through more or less of the 
formations; but in nearly all cases the species become extinct at the close of 
the great periods pointed out in previous pages of this work. Some distin- 
guished naturalists, if we understand them, as Agassiz and D'Orbigay, are of 
opinion that there are no exceptions. Even the tertiary species they regard 
as extinct; but how far they would extend this view into the post-tertiary, 
we do not know. ** The number of species still considered identical in sev- 
eral successive periods," says Agassiz, '' is growing smaller and smaller, in 
proportion as they are more closely compared." Hence he reasonably infers 
that probably all will be found unlike. Professor Bronn thinks that species 
sometimes pass not only into a second but into a third formation, and others 
state, as we have mentioned, that some living species of foraminifera began 
theu> existence as low down as the oolite. According to Bronn, out of 2,055 
species of plants, 12 pass into other formations; and of 24,366 animals, 3,322 
pass out of the rocks where they are most abundant So that each species 
had an average duration of 1.12 of a formation. In respect to the rocks 
below the tertiary, all would agree that the law has scarcely an exception, 
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and 8tni higher, a^ Qtated above, thejwill doubtless diminiflh tipon not* 
careful examination. 



Second Law, -^ With ilie exception ahovi namej^ the fosstt spe- 
cies have all perished. 

This 18 mereij.an inference fVom liie first law; bnt it is so cominiaii to sup- 
pose reoent species identical' with the fossil, 'that we make the inference a do* 
tinctlow- . 

Third Law, — " The duration of types and species as a general 
rule, is usualli/ proportioned to rank and intelligence. The most 
highly organized fo^lM hc^e thB spiallest ranged — (Owen,) 

The great lizards of the Jurassic series, the mammals of the tertiaij, and 
cepedaHj raao, ar& example of tibia, law. .: : v 

By a type we mean a set of characters by which a gena<^ or famflj, or group 
|8 distinguished firom all others^ It -is the model or. pattern on .'wbidb^ auch 
groups are formed. Thus the horse family, the.cat faniily, the' dstiich fiimily, 
&e pigeon family, haye certain charaetei^sUos by which ^6 know: iStusm, 
though sometimes.difQcult to describe; and it is found that ma^iy of these 
jtypes have gradually changed. This law declares that ihese types have the 
is^rtest duration scmong the higher tribes. ■ "- 

Fourth Law, — Each type cf organism has had hut one term of 
uninterrupted existence, and sometimes ha^ extended only through 
part of a formation^ 

^ There are some seem&ig exceptions lo ihid lifvr ysAtot instance the a^>eafr 
ance of the marsupial animaki in the (ria^ tsad ooUte,^i^id then their Mure 
in the chalk and tertiary, and reappearance In the alluvia]. Bbt the pr6ba* 
bility is that they existed during tiiese interinediate' periods, since tiiey are 
Ibund inthe pleistocene, of Australia. 

•- Among the animals extending through a part of a formation, w^e may 
mention such us tiie Mastodon, Elephant, Dinotherium, Zeu^oden, «nd Uaii, 
whijdi are found only in parts df the tertkoy and alluvial. 

\Fifth Lais.^^Most of the great Sub^ITingdoms of animals and 
plants, two thirds of the classes and nearly half the orders, cmd 
a few of the genera extend through all the formations, ' 

The only exception in respect to the sub-kingdoms, is, that Tertebrato an*- 
mals are not found in the Lower Silurian, and no de^r in the Upper Sihuian 
than the lo#er Ludlow Kock ; and flowering plaots are hot found lower than the 
Devonian, where Hugh Miller has deitected couifffltHis trees in i\^ lower Old 
Ked Sandstone of Scotland, But perhaps in considering this subject wd ought 
to have reference to a palseontolc^cal classification, rathet than one fbunded 
partly on lithological characters, and this \^ould briug aH the sub-kingdoma 
into the lowest lifo period, which reaches as high as the top of the Permian. 

It will be seen by referring: to the Table of Organic Remains, which "wo 
have presented at the end of the last Sectioh, that while many of the classes 
and orders of the tess perfect animals and plants exteiKl through all the 
formatlona^ those of the higher vertebrate type rar^^ reach tiirou^ibe vihuOfb 
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•erteB. The number of orders has more than doubled since the earliest fimefl^ 

ao that more than half do not reach through all the strata. 

In the Pal»ozoic formations there were .... 31 

In the Triasstc Period 21 

In the Jurassic «... 41 

In the C r et ac eo us • 41 

In the Tertiary -.....•.. 71 
Kudi fewer is the number of genera that have survived all the changes 

tvludi the globe lias undergone. The following statement bj D'Orbigny 

shows strikmgly how great have been the changes of the oiganic world. It 

is confined to animals: 

, Number^ living genera of animalfl^ • • • . 1324 
Namber of fossO genera^ ....,,« 1457 

Of these there yet live, 539 

Have become extinct • . 933 

Have survived all changes, only ..... 16 

AH of these surviving v^teraible genera belong to the different fiunllies of 

Molluscs, while of all the other animals not a genus has been extended 

through aS past periods. 

Sixth Law. — Complexity and perfection of organizatum as well at 

intelRgence increase as we ascend in the rocks. 

This is true as a general &ct; but in particular tribes we find the reverse 
viz., jetrogradaiion fixmi a lower to higher condition. " All oar most ancient 
fosflfl fishee^" says Professor Sedgwick, '* belong to a high organic type ; and 
the very oldest species that are well determined, &11 naturally into an order 
of fishes which Owen and Miller place, not at the bottom, but at the top of 
the whole class.*' Says Hugh Miller, ** in the imposing programme of crea- 
tion,Ttwas ar r ang ed as a general rule, that in each of the great divisions of 
the procession, the magnates should walk first We recognize yet further the 
ikct of degradation specially exemplified in the fi^ and the reptile.'' " Hie 
Oephaiopodsy the most perfect of the molluscs, which lived in the eariy period 
of the worid," says B'Ofbigny, ''show a progress of degradation in their 
generic forms, llie molluscs as to their classes have certainly retrograded 
from the compound to the simple, or fix>m the more to the less simple." 

Such statements are not inconsistent with the law we have sta^ above ; 
for there may be upward progress by the introduction of higher and higher 
forms of life, while some at the groups may sufi'er deterioration, as seems to 
have been the case. A simi^ inspection of the tabular view we have £^ven 
of organic remains will show how strong is the evidence of progress. The 
only Way to esci^ the inference is to say that higher forms may yet be dis- 
covered in the lower rocks. But this is a point of so much importance in 
its bearings upon certain hypotheses that we shall recur to it again in the 
nextSec^ML 

More impressively to exhibit these fects and to show to the eye the periods 
when the most important races came upon the globe, we copy Fig. 409 fiom 
^Professor Oweo. We shall have occasion to refer to it again in another con- 



Seventh Law* Particular classes^ orders, and genera, as well as 

whole faunas and floras, have had their periods of expansion, 

culmination, diminution, and sometimes extinction. 

Fig, 410, prepared by Prof Owen, shows these fects in respect to the or- 
diKB of EeptikflL The shaded lenses and triangles indicate the periods of their 
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commencement, expansion, diminution, and extinction. The Chelonia, Lacer- 
tilia, Ophidia^ and some of the Batrachia, are shown as on the increase at the 
commencement of the aUuvial period ; while the Crocodiles and some of the 
Bata^chia then nearly died out Several of the orders became extinct at the 
dose of the cretaceous period. 

Fig. 410. 
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iH'«fri&ttfu)n of RepHU^, 

Indeed, Prof. Owen sajs that " the class of reptiles, unlike that of fishes, 
is now on the wane ; and that the period when Reptilia flourished under the 
greatest diversity of forms, with the highest grade of structure, and of the 
most colossal size, is the mesozoic" 

D'Orbigny finds that of seventy-seven orders of fossil animals fourteen have 
decreased in the number of their genera since their first appearance^ and 
sixty-four have increased. These are distributed as follows : 

Decreasing. Inoreasing. 

Badiated animals 4 12 

Molluscs 4 10 

Annelids 1 18 

Vertebral kingdom 6 23 

Of these decreasing orders six are found in the palseozoic rocks, viz., the 
Placoid and Granoid ilshes, the Trilobites, a part of the Cephalopod and 
Brachiopod Molluscs, and the fixed Crinoids. In the Jurassic series occur the 
Saurian Reptiles and the 6*00 Crinoids. In the Cretaceous series, two families 
of Molluscs, one of Foraminiferse and one of Amorphozoa. In the tertiary 
series are the Edentate and Pachydermatous MammiEds. 

The greatest expansion of particular and peculiar Faunas and Floras has 
been employed to characterize certain periods. Thus the Palaeozoic Period 
has been cdled by the botanists the Reign of Acrogens, because that tribe of 
plants then predominated ; the Mesozoic Period, the Reign of Gymnosperms; 
and the Tertiary Period, embracing also the living plants, the Reign of An- 
giosp^^s. In respect to animals, the Palseozoic Period has been called the 
Beign of Fishes, the Mesozoic the Reign of Reptiles, and the Tertiaiy tbe 
Reign of Mammals. 
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JUphih Law, ^ 7^ older ike roch the mare ^nf ike the $xi^h^ 
fauna and flora are the fossil animals and plants^ ^ i 

IT we oompare l;he plante and ahells of the tertiaiy. with those opwimoSr 
a casoal observer would see but little difTerence. But let the sacceaoi^ 
groups la the lower rooks be brought into comparison, and the naturalist 
would be obliged to ibrm new genera and orders for their receptiotn. Stilj 
more rapidly do the forms of fche higher animalft and plants deyiato from ez- 
isting tjpes as we descend. 

There are some exceptions to this statement; for some forms are wonder- 
ftillj persstent Take, for examine, the ammonite and nautilus ; how much 
like the living naaUlus I So the terebratulidse, living and extinct; are closely 
related. So in the tertiary, although the Dinotheriura, the Palaeotherium, 
the Zeuglodon, etc., are quite unhke living forms^ yet in the same formatioo 
certain smaU mammifera can hardly be distinguished from those living. 

Ninth Law. The fossil faunas and florae werCyfor the most part^ 

of a tropical character^ whatever he the present climate where 
they are found. 

Even the tertiary plants and aniimals agree, ht the most part, with those 
of intertropical regpions better than those o( temperate regions; and it was es- 
■entially ttte same even in post-tertiary days, when Europe and the United 
States were filled with elephants, rtunooeroses, lions, tigers, hyenas, eta, ' 
thoo|^ the hair and wool of the Siberian fossil elephmt indicate a colder re- 
gion than the intertropical ; but unless wanner thaa that at present along 
the shores of the Arctic Ocean, so many of these huge animals could not 
have subsisted as are found buried there. 

As we go deeper into the rocks the evidences of a former tro^acal, or even 
ultra tropical climate, multiply. The coal formation especially, which has 
bee;i tnu^ beyond Melville Island fxi N* latitude "IS^, is decidedly and strik- 
ingly tropical every whfire. The old fossil corals fowid over equiafly wvie arc- 
tic regions — at Melvil^ Island, for instance— tell the ftune story. And jb6 
do the numerous and sometimes gigantic chambered shells so widely diffused. 

Some &ct9 seem to indicate an occasional alternation of a colder with the 
tropical climate^ at an earlier date than drift, when we know^at la northern 
regions there was a glacial period. Similar temporary reductions of Uie tei^ 
perature may have ts^en place iearlier. - But these cases do tiotinTalidate the 
general law of the prevalence of a tropical cl^'mato^ 

Even in the Pleistocene Period,' "Xxr&nd, indyod," sars an English naturaj- 
ist, "was the fauna of the British' Islands. ' Ti^L^r.i as large agr^ia a& tbf> big- 
gest Asiatic species, lurked in the an'cieht thickets ; dephants of ni^arly twice 
the bulk of the largest individuals that*noW.<3xist m Africa or Gerloii roi^m^ 
m herds; at least two species of rhinoceros forced thelnvay through tho 
primeval forest, and the lakes and rivers were tenanted by hippopotami as 
bulky and with as great tusks as those of Africa.'' To iliese he mi^bt have 
added the great cave bear and cav0 hyena^ two flpc<:[es of huge oxea, and an 
elk ten feet and four inches high. 
Tenth Law. In the distribution of species in the ancient faunas 

and floras^ they had a much greater range than at present^ whi& 

in the newer rocks their limits differed hut little from existing 

zoological and botanical provinces. 

In the palaeozoic strata animals and plants have a striking resemblance 
toiveradmost theivhQle gbbe. As we ascend, diversity increases -When w« 
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eott^p6f9 iQseeieft tdgetiier^»»r widely separated loea&ties ; and of the matt* 
matia m tbe tertiary and posHertiary, Pro£ Owen says, "particular forms 
were ass^^ed to particular proyincea, and the same fbrms were restricted to 
ttie^ame provinces at a former geological period as tiiiey are at the present 
dAy."-. ... 

If we only admit the high temperature of the globe in palaeozoic days, and 
that it has siaoe gradttally decreased, the facts abore stated are just what w« 
^ould expciot Wbea a tropical dimate existed over the whole earth, the 
same animals -and plants oasentially would be placed on every part. But as 
the'tensperatare feU and the divisrsities of climate now existing canto bn^ the 
ai^mals and plants would be gath^ed more and more into provinces, which' 
wovdd gradually approach to^ and finally culminate in those now existing. 

Seventh Late. The^ fossil animaU and plants had the same gen- 
eral structure as those now on the earthy and their modes ofliv- 
ing in both classes have been the same. 

Comparative anatomy lias not found it neces.^ary to fmmc nnj n^w law to 
embrace the relations of the extinct to the liriuK rsct^a. Ph^Tsiology, also, 
finds that these extinct races, although greatly dlff^^ring in forta from csiatmg 
nature, were sustained by the same kinds of .food which was digeatod by im- 
alogous organs. They had the same senses; tbEy breatlieil in the stimo 
modes f they were reproduced in the same tnanuer ; they w&ro camivoroua 
and herbivorous; they sufifered and enjoyed, ami w^n^ subject^ liko tho liv^^ 
ing species^ to accident, disease, and death. 

Twelfth Law. — " The phages of development of all living animals 
correspond to the order. <f succession of their extijict representa- 
tives in past geological Umes,^* {Agassiz.) 

' This law represents the extinct adult animal as corresponding more nearly^ 
with the embryonic than the adult state of its living representative. ' In the 
ancient world the individual, though an adult, did not pass beyond the pres- 
ent embryo state; but among living species the analogous animal passes on 
to a higher state, or more complete development. 

Ffotet thinks that this law is not applicable t6 the whole animal kingdom,^ 
but to certain groups. Agassiz, however, regards it ^' as a general ihct, very' 
likely to be more fillly illustrated as investigations cover a wider ground." 
To name a few examples, he regards the Trilobites embryonic tjrpes of £n- 
tomostracea (a tribe of living crustaceans); tiie Oolitic Decapods embryonic 
Crabs ; the Zeuglodonts embryonic Sirenidse ; and the Madtodbnts embryonic 



Thirteenth Law, — Many of the fossil animals had a combination 
of characters which among living ammals are found only in 
several dijferent types or classes, ....... 

AgassiK very appropriately calls such types Propheiie -Typesi For they 
ibrm the pattern of animals that were to appear afterward. - It is found that 
almost all the existing animals were thus typified by some characters - that 
existed in the fossil animals. The &cts show how completely the whole plaq 
of creation lay hi the Divine Mind. We give aiew^J^amples: 

The Sauroid Fishes were true fishes, yet they had some strongly marked^ 
reptilian charactenu *f The pjeaigsaurua^*' says^ Buckku;id| ** to the head ^. tt 
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lizard tmited the teeth of a crocodile, a nedc of enormous length rMentbG^ 
the bodj of a serpent ; a trunk and tail having the propcntions of an ordioaij 
quadruped ; the ribs of a chameleon, and the paddles of a whale/' Hie Icfa- 
tiiyoflaurua, as its name denotes, had a dose affinity to fishes. " Its general 
external figure," says Owen, " must have been that of a huge predatory t&h 
dominal fi^, with a longer tail and a smaller tail-fin ; scaleless, moreover, 
and oovered by a smooth, or finely wrinkled skin, analogous to that of Uie 
whale tribe.*' The Archegosaurus seems to have been " a trans^kMial type 
between the fish-like Bratrachia and the lizards and crocodiles." The Laby- 
rinthodonts were "reptUea having the essential bony characters of the Ba- 
trachia^ but combining these with other bony characters of crocodiles, lizardi^ 
and ganoid fishes." {Owen.) l%e Rhynchosaurus had a "lacertine struc- 
ture leading towards Chelonia and birds, which before were unknown." 
( Owen,) The Dicynodimtia were a race of " reptilian animals once living m 
South Afiica, presenting in the construction of their skull characters of the 
crocodile, the tortoise, and the lizard, coupled with the presence of a piur of 
huge shiurp-pointed tusks, growing downwards, one firom each side of the 
upper jaw, like the tusks of the mammalian morse or walrus." (Oioen.) The 
Pterodactyle, the most anomalous of ancient forms, had the head and neck 
of a bird, the mouth of a reptQe, the wings of a bat) and the body and tail of 
a quadruped. 

If more examples were wanted, ichnology would fiimish them abundantly 
hi such remarkable ammals as the Otozoum, Anomoepus, Flesiomis, and Qti* 
gantitherium. 

I'ourteenth Law, — ThefoMsilfar exceeded the living tpedet ni 
number, 

We should expect this If there have been several distinot creations ; and 
In respect to quite a number of dasses it is proved by the &ct8 in a mortsat- 
is&ctory manner; though we can not suppose that half the fossQ species ha«« 
yet been found, and many sorts of animals and plants are too soft and fnSL. 
to be preserved. As to plants, so small is the number found fossil compared 
to those now living, that we may perhaps doubt whether the single flora now 
living is not more numerous than aU those which have ever lived. 

The following table will show the proportion between the fossQ and lirfaig 
species in Great Britain : 

Livinf Fonll Proportfoe of 

Species. Species. Liring Ui FoasU. 

«"«- l^l2Sr»t^h" ^'*" ' 

Zoophytes 70 435 I to 6.2 , 

Polyzoa 70 258 1 to 3.7 

Testacea (Molluscs, etc) . 513 4580 I to 8.9 

Echinodermata .... 70 492 I to 7.0 

Crustacea 225 • 298 1 to 1.3 

Kshes 162 741 1 to 4,6 

ReptUes 18 180 1 to 10.0 

Birds 332 11 SO to 1.0 

Mammals 70 110 1 to 1.5 

Here we find that six times more zoophytes, nine times more muBuscs, 
seven tunes more eohinoderm^ five times more fishes, and ten timet more 
reptUea have lived in Great Britain daring geological timoi than now 9xH 
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tiMTO. This argoment is irreastible to show that many distinct creations havo 
occupied the sur&ce saccessivelj and passed away ; corroborating the same 
oonclosion drawn from other &ct8. 

Fifteenth Law, — Contemporaneous species in any one locality^ or 
in localities not distant from one another^ have appeared and 
disappeared together. 

Some have maintained that the formations pass insensibly into one another, 
so that near the limits, the fossils of the two adjoining formations are mixed 
together ; and that as individual species have died out, others have taken 
their place. And it is sometimes true, that there is no trenchant division 
between adjacent formations. Moreover species do sometimes become ex- 
tinct, as we have shown elsewhere in respect to existing nature, though there 
is not the slightest evidence that these species, as they drop out, are replaced 
by new ones. But in the rocks the group of species that characterize a 
formation in almost all cases, show themselves together at the bottom, and 
continue to live together tUl the close of the period, when all disappear, and 
the new formation that follows contains an entirely distinct group. So few 
are the exceptions to this distribution of the species, that it must be consid- 
ered as the general law, and the exceptions the result of local and unusual 
causes. 

Sixteenth Law. — Kumerous and successive systems of life, all dif- 
ferent from one another^ have occupied the globe since it became 
habitable. 

Long ago Deshayes, a distinguished naturalist, declared that "in surve3ring 
the entire series of fossil animal remains, he had discovered five great groups 
so completely independent that no q;>ecies whatever is found in more thaa 
one of them.'* Adding the ensting groups it makes six entire ofaangeo of in* 
habitants, which aooords with the palseontological classification which we 
have given, viz., the first reaching to the top of the Permian; the second 
embracing the Trias; the third the Oolite; the fourth the Chalk, and the 
Mb the Tertiary. 

But the ablest palaeontologists of the present day feel as if this were a very 
inadequate view of the subject, falling far short of the number of changes in 
inhabitants which the earth has experienced. Says the late emuaent pfdffion- 
lologist, M. Alcide D*Orbigny, " A first creation took place in the Silurian 
stage. After that was annihilated by some geological cause, and after a 
considerable time, a second creation took place in the Devonian stage, and 
successively Uoenty-seven times have distinct creations r^peopUd aJU this earth 
with plants and animaiSf • following each time some geological disturbance, 
which hail totally destroyed living nature. Such is the certain but incom- 
prehensible &ct, which we are bound to state, without trying to pierce the 
superhuman mystery that envelops if* 

Seventeenth Law. — All the diversities of organic life that have ap- 
peared on the globe were only wise and necessary adaptations to 
its changing condition. 

There is abundant evidence thai dianges of dimate, food, etc, have been 
grast and muBoroufl^ and had ther^ noi beea acoa^spoodhigohaiige in-tlM 
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nature and habits of anlmats and |>1anfe, srififerin^ and death nrasi faaye'be^ 
the coDseqxienoe, as the history of existing races ja^ves. ^ 

But there is not the slightest evidence that any such effect foHowed the 
modification of forms. Peculiar as they often were, thoy seem to have been 
wisely prepared to subserver the vnaAs and ha;p|ii&e^ of the speeids, nor was 

life thereby shortened- . . / 

•' ( ■ ■ ■ . 

Eighteenth Law. — All the minor 9tf stems, of Ufa that kxh^^p- 
' pearedy were hut harmonious parts of one all-amprehendtng 
$ystem of orgcmizationj whose culmination we witness in Existing 
nature. 

Diverse as the ^Ufferent fkn^as and faunas are in thediCTerent creations, they 
are all embraced in the same system of classification, which groups together 
existing organisms. They have all had similar oigans and similar senses, 
bave been both carnivorous and herbivoroira, have had. the same relations to 
light and heat as at present Nowhere do we find different and antagonistic 
systems, but ail the wide diversities of structure and habit coalesce into one 
harmonious whole; showing that the complicated and numberless details, 
stretching over almost interminable iages, were but the development of the 
jrast pUm of creation in the Divine Mind. i 
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IKFEBEI7CSA FROM PiXaEONTOLOOT, IK CONNECTION WITH 
DYNAMICAL GBOLOGT. 



Inference 1, The present continents of the globe {exc^t^ perhaps, 

some high mountains) have bemfor long periods beneath the 

ocean^ and have been tiuhsequentlg elevated; - < 

. Proof . I. Two thirds fit least of-these tdontuients are covered with rocks, 
often several thousand feet thick, abounding in marin&oiganic remains ; which 
must have been quietly d^>os$ted, alo^g with the sand, mud^ and calcareous 
or ferruginous matter in which they are enveloped, and which, could have 
accumulated but slowly. 2. Some very high mountains contain marine fossils 
at or near their summits. FOr example, there are marine shells of cretaceous 
age upon the tops of the Pyrenees; cretaceous and tertlaiy Ibssiis upon the 
isummits of the Itocky Mountains, and fbraminifera of cretaoeoua age hi£^ 
up on the flanks of Mt I/ebauon. 

The amount of land above jQie pcean has Taraed in every period jof the 
earth^s history, and it may be that large ^^t^ now Qubmeiged, once wei9^ 
important theatres of terr^itrial life. 

Inference 2, 2%e periods of repose between catastrfjphes have betn 
"- long, ' X 

Proof 1. Catastrophes are indicated by unconfonnability of. the strata, 
or a great chs^ige in the diatacter of the deposits, i. Catastrophes hav^ 
lMenjOoai|^M«iti?a^«ift:p%QeBt) while depo^Hiokt has^ways coatinoed Ar^f^ 
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to boild tip fcnrmations. For example/ soTdTal thooflAnd fbet of strata wero 
deposited during the Lower Silurian period, between two catastrophes. The 
periods <^ disturbance must have been very short, and the interval of repose 
very long. 3. The deposits appear generally not to have been disturbed by 
any elevating ibroe wlule in a state of formation, as this would have changed 
the character of the organic remains 

There are instances where there seems to have been a quiet, gradual ele* 
n^on for an immense period, without catastrophes. But often this elevation 
has been sudden and very great Some single local dislocations are of en- 
ormous size, amounting to 3,000 or 4,t)00 feet; as in the Penine region of 
the north of Bngland ; and it is difficult to conceive how such faul£ could 
have resulted firom a sucbession of minor forces acting through long intervals. 

Inference 3. Catastrophes have generally corresponded to changes 

^ in fossils* 

Kile de Beaumont has long maintained that the changes in the zoological 
and botanical characters of the formations correspond in general to the epochs 
of elevation i that is, the period of elevation seems to have been the time for 
the destruction of one group of organic races and the introduction of new 
species. The progress of Palgeontology tends greatly to incriease the number 
of distinct systems of life, and it may not be possible in all cases to find evi- 
dence of any great geological disturbance at the close of all the life periods. 
Yet D'Orbigny, who contends for the largest number of these, still maintains, 
by a course of strong arguments, that the faunas and floras have all been de- 
stroyed by catastrophes, such as the sudden elevation of mountains, though 
they may have taken place at a distance, and the destruction may have re- 
sulted from the great inundating waves that spread far and wide from the 
center of disturbance. He believes, also, in the existence generally of a long 
interval between the destruction of one group and the creation of a new 
one. " We can not then explain," says he, " the annihilation of all the &unaa 
which have succeeded each other twenty-seven times, but by poweriUl geo- 
logical disturbances. We have seen that whenever in past ages a dislocation 
t)f the crust has tal^en place, capable of effecting a displacement of the seas, 
the existing &una has been annihilated by the movement of the waters at the 
points dffllocated, and even in other points not dislocated." 
• ^ These decided views may need some modification when the whole subject 
of the disappearance of species has been more fiilly studied. At present we 
jki^ow not how to resist the evidence adduced by D'Orbigny in his Cours 
Memtfdairt de Fukdntologie etde Geologic 

Jnference 4. The whole period since iife began on the globe has 
been immensely long. 

Ptpof 1. There must have been time enough for water to make deposi- 
;tions more than ten miles in thickness, by materials worn finom previous rocks, 
and more or less comminuted. . 2. Time enough, alao^ te aOow of hundreds 
of changes in (he materials deposited : such changes as now require -a: long 
period hf the production of one of them. ■ 3. Time enoug^h to allow of the 
•growth and dissolution bf animals and plants, often of microscopic littleness, 
Sufficient to constitute almost entire mountains by their remains. 4. Time 
enough to produce, by an extremely slow change of diraate, the destruction 
4}f sevecal neariy ^itire groups gS oiganic beii^^ For although sUdden 
jfiatiftKiphes nay have sometimes been the the immediate cause-ef t^eir eat* 
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tinction, there is reason to believe thai those catastrophes did not ustiallf 
happen, till such a change had taken place in the physical condition c^ the 
globe, as to render it no longer a comfortable habitation for beings of tbek 
organization. 5. Time enough for erosions to have taken place in the rocks, 
in an extremely slow manner, by aqueous and atmospheric agencies, on so 
vast a scale tliat the deep cut through which Niagara River runs, between 
Niagara Falls and Lake Ontario, is but a moderate example of them. We 
must judge of the time requisite for these deposits by sunilar operaticAs now 
in progress ; and these are in general extremely slow. The lakes of Scotland, 
for instance, do not shoal at the rate of more than six inches in a century. 

Obf. 1. The rapid manner in which some deposits are formed at the pres- 
ent day ; e. ^., in the lake of Greneva, where, within the last 800 yea^ 
the Rhone has formed a delta two miles long and 600 feet in thickness. 

Ans. Such examples are merely exceptions to the general law, that rivers, 
lakes, and the ocean are filling up with extreme slowness. Hence such cases 
show only that in ancient times rocks might have been deposited over lim- 
ited areas in a rapid manner; but they do not show that such was generally 
the case. 

Obj. 2. Large trunks of trees, from twenty to sixty feet long, have some- 
times been found in the rocks, penetrating the strata perpendicularly or ob- 
liquely; and standing apparently where they originally grew. Now we 
know that wood can not resist decomposition for a great length of time, and 
therefore the strata around these trunks must have accumulated very rapidly; 
and hence the strata generally may have been rapidly formed. 

Ana, Admitting that the strata enclosing these trunks were rapidly de- 
posited, it might have been only such a case as is described in the first ob- 
jection. But sometimes these trunks may have been drifted into a lake or 
pond, where a deep deposit of mud had been slowly accumulating, which re- 
mained so soft, that the heaviest part of the trunks, that is, their lower ex- 
tremity, sunk to the bottom by their gravity, and thus brought the trunks 
into an erect position. Or suppose a forest sunk by some convulsion, how 
rapidly might deposits be accumulated around them, were the river a turbu- 
lent one, proceeding from a mountainous region. 

Obf. 3. All the causes producing rocks may have operated in ancient times 
with vastly more intensity than at present. 

Ana, This, if admitted, might explam the mere accumulation of materials' 
to form rocks. But it would not account for the vast number of changes . 
which took place in their mineral and organic characters; which could have 
taken place, without a miracle, only during vast periods of time. 

Obf. 4. The fossilifarous rocks might have been created, just as we find 
them, by the fiat of the Almighty, in a moment of time. 

Ans, The possibility of such an event is admitted ; but the probability is 
denied. If we admit that organic remains from the unchanged elephants 
and rhinoceroses, of Siberia, to the perfectly petrified trilobites and terebratuhe 
of the Palaeozoic strata, were never living animals, we give up the whole 
groundwork of analogioEd reasoning ; and the whole of physical scienoe fiUla 
to the ground. > But itis useless formally to answer an objectaon which would 
never be advanced by any man, who had ever examined even a cal»nei c(^ 
lection of organic remans. 

Inference 5. — Tkeperiod before life apptartd^ was also imnuTUclf 

long. 

Proof 1. We oan trace indications of life into the upper part of tho Oaa- 
brian serks. BoUfwOus horiscm there are at least 30,0!0& feet«f slaitttM 
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TodisSf irbich nrast have required an immense period for their formation. 
a. Previously to the production of the stratified rocks, the globe had cooled 
ficom an iucandescent state, at an inconceivably slow rate. It is not unlikely 
that this period of time was greater than the whole of the fossiliferous era. 
3. If we admit the truth of the hypothesis that the world was condensed 
from a gaseous to the liquid state, we have another period previous to the 
existence of life immensely protracted, to cool the surface sufficiently to allow 
of the presence of water. 

Inference 6. — The changes which the earth has experienced^ and 
the different species of organic beings that have appeared^ were 
not the result of any power inherent in the laws of nature^ but 
of special Divine creating power. 

The opposite hypothesis, when fully stated, embraces three distinct 
blanches. The first supposes the present universe to have been developed by 
the power of natural law firom nebulous matter, without any special Divine 
interposition, according to the views of the eminent mathematician, La Place. 
This has been called the cosmogony of the subject The second supposition 
is, that certain laws, inherent in matter, are able of themselves to produce 
the lowest forms of life without special creating power. This forms the 
Zoogony of the subject The third supposition is, that in the lowest forms of 
organization thus produced, called monads, there exists an inherent tendency 
to improvement And thus fi-om a mere mass of. jelly vitalized, higher and 
more complicated organic forms have been eliminated, imtil man at last was 
the result This called the Zoonomy of the subject 

The supposed proof of this hypothesis is derived tcom astronomy, phy- 
siology, galvanism, botany, zoology, and geology. But it is only the alignment 
from the latter subject that can receive any attention in this work. When this 
hypothesis is fUlly carried out, it is intended and adopted to vindicate atheism. 
When advocated by a professed believer in the Deity and even in revelation, 
it is made to assume a much more attractive aspect 

In &vor of this hjrpothesis oi creation by lawSj it has been argued, 1. Thai 
in the oldest fossiliferous rocks we find chiefly the more simple invertebrate 
animals and fiowerless plants, and the more perfect ones came in gradually, 
increasing in numbers and complexity of organization to the present time. 
The lowest vertebrate animals were fish ; then reptiles succeeded, then birds, 
then mammals, then man. Here we see the series gradually expanding, just 
as this theory requires. 2. There was probably a distinct sUrps, or root, for 
each of the great classes of animals and plants, with which it started, from 
which the development proceeded along as many great lines as there are 
classes. This supposition shows why we find representatives of all the 
classes in the lowest rocks. 

In answer to these ailments, and as proo& of the sixth inference, we re- 
mark 1. That in all the more than 30,000 species of organic remains dug 
from the rocks, they are just as distinct from one another as existing species, 
nor is there die lightest evidence of some having been developed from 
others. 2. The gradual introduction of higher races is perfectly explained 
by the changing condition of the earth, which being adapted for more perfect 
races, Divine Wisdom introduced them. 3. For the most part the new races 
were introduced by groups, as the dd ones died out in the same manner. 
The new groups were introduced at once ; pointing clearly to creation rather 
than development 4. If anywhere, we ought to find evidence of develop- 
ittMit and metamcHrphoBis in the humaa species. Bat 00 immeasurably ia 



man raised by hlfl moral and intellectiial facilities above the animala Belt 
below him in rank, that the idea of his gradual evolution finom them is ab- 
surd. Man^s moral powers, for instance, whidi are his noblest distinction, do 
not exist at all in the lower animala Nothing but miraculous creation can 
explain the existence of man. 6. The admission of a distinct stirps for each 
of the classes, is a virtual abandonment of the wh<^e hypothesis; for it 
admits, for example, that a flowering plant and a vertebral animal commenced 
two of these series, althou^ to reach such a height- or organisation, requsres, 
hy the same hypothesis, & transmutation through all jthe flowerless plants and 
invertebrate animals. 6. There is decisive evklenoe that in many esses dur* 
ing the geological p^ods, animals, instead of asc^iding, descended on the 
BfSle of organization from ibe more to the less perfectr 7. - Gec^gy shows us 
that there was a tame when organic life first appeared on the globe, and an 
indefinitely long period when no animals or plants existed. What gave the 
laws of nature the power, all at once, to start the new races ? Why was not 
that power put forth earlier, or even firom eternity, if the world existed from 
eternity ? In short, of all the sciences, geology affords the fewest facts to 
sustain this hypothesis. Ko other science presents us such repeated exam- 
ples of special miraculous intervention in nature. 

Inference 7. The changes which have occurred on the globe^ both 
organic and inorganic^ have shoum progress from the less to the 
more perfect. 

Proof 1. As the temperature of the mterior of the earth is much higber 
than that of surrounding space, by the laws of heat there must be a cmistant 
radiation of heat into space, and unless tliis can be proved to have pioceeded 
in a cycle, or without end,— which can not be done,— the eitfth must have 
been constantly undergoing physical changes. If this process of refrigeratioa 
has been going on long enough, there must have been a time when thesur- 
&ce was too hot for any kind of organic bemgs to exist upon it And when 
it became possible for some sorts to be phtced upon it, it was still unadapted 
for those of complicated organizaticm. 2. Acoc^ingly, we find btita fow of 
the flowering plants, or of vertebral animals, in the lowest rocl^ and their 
number and perfection have for the most part increased firom the firsts while 
the lower classes have made but little progress; and perhaps in some iiAtances 
have retrograded. 3. The sur&ee has been tendered capable of sustaining beings 
of a higber organization in three modes; first, by the operation of aqueooe 
and atmospherfc agencies the quantily of soil has been increased ; secondly, 
animalB and plants have eliminated lime fix>m its more hidden combinations^ 
and converted it into carbonate and sulphate ; thirdly, the sui&oe has reached 
a statical condition, and the climate is more congenial to such natures. 

Ohj, Almost every year brings to light in the rodcs evidence of the exist- 
*ence of more perfect animals and plants at an earlier date than had been 
known, and since the greater part of the earlier fossils are marine, perhaps tiie 
number of air-breathing vertebrate animals and of flowering plmts found 
among them, is almost as great as we ought to expect^ even if the preeent 
condition of things haA existed from the earliest ^urian periods. . 

Ans, It is true that one or two examples of Batrabhians and Chelonlaiis 

have been found as Tow as the Devoman series^ but not one in the vast fornm* 

tions below, hor a single example <^ mammals till we rise to the tries; 

whereas in the tertiary we find 392 speoies of mammals, and in the alluvial 

' S58 species; and among e^dscing animals 2,030 species; and a similar yto* 

^ digious increase of Biore •p^cfoct forms eixists 4a ^moft all 0ther^<«fislebiid 



liibes andVasculkr'iJla'tits. "While, thierefofe, the Hiscovery* of now knd t^en 
a species of higher organization shows that their existehce was possible at 
the earlier periods, yet it will require a vast number of such discoveries to 
prove tlie proportion between the moro and the less perfect to have been then 
as now. And ^intil that be proved, the evidence of progression remains un- 
affected. 

Iti/krence 8^ The causes of geological , change have varied in in- 
t^rmty. 7%efe are two theories upon this subject. 

',. In faiaaddress before the IxMidon Geological Soeiety ia 1851, Sir Charles 
Lyell states what is called the uniformitarian hypothesis^.as foUows : — " That 
HbB ajudent changes of Xhe aniniate' and inanihiate world, of which we find 
memorials in the earth's crust, may be similar, both in \6nd and degree, to 
to those which: aare now in progress/' 

Proof 1. It is^ agreed on a31 hands that:tbo nature of geological causes has 
been the same in all ages ; although even as late as the time of Cuvier, he 
says that *^none of the agents nature now employs were suflScient for the 
production ?of her ancient works." 

, 2. An indefinite repetition of an agency on a liniited scale, can produce the 
same effects as' a paroxysmal eflbrt rf* the same iftgency, however powerfal ; 
|>rovided the fotmer is able to produce any oflfect, as, for instance, in the ac-^ 
cumulation of detritus, the elevation of continents, the dislocation of strata^ 
eUL Now it is unphilosophical to call in the aid of extracwrdinary agency, 
when its ordinEiry operation is sufficient to explain the phenomena. 
• 3. Nearix every variety of rock found in the crust of tho globe has been 
shown to be in the course of formation by existing aqueous and igneous 
agencies ; and if a few have not yet been detected in we process of formation, 
it is probably because they are produced in places inaccessible to observation. 

The apposUe h^fpolhesis admits that no causes of geological change different 
in their nature from those now in action, havo ever operated on the gkibe; in 
other words, that the g^ioglcal processes now going on, are in all cases the 
ftntitypea of those whksh were formerly in operation ; but it maintains that 
the existmg causes operate now, in many cases, with less intensity than for* 
merly. 

Froof 1. The spheroidal figure of the earth, and other &cts already detailed^ 
■eem to render almost certain the former fluidity of the globe, ^ow, whether 
that fluidity was aqueous or igneous, or both in part, it is certain that the 
agencies which produced it must have operated in early times with vastly 
greater intensity than at this day, and that their energy has been constantly 
decreasing from that time to the present 

2. Still more direct is the evidence from the character of organic remains 
in high latitudes, of the prevalence of a temperature in early times hotter 
than tropical ; too warm, indeed, to be explained by any supposed change 
of levels in the dry land. And if this be admitted, heat must have been more 
powerful in its operation than at present; and this would increase the 
aqueous, atmospheric, and organic agencies of those times. 

3. No agency at present in operation, without a vast increase of energy, 
is adequate to the elevatkm, several thousand feet, of vast chains of moun- 
tains and continents, such as we know to have taken place in early times. A 
succession of elevatkms by earthquakes, repeated through an indefinite nurn'- 
ber of ages, the vertical movements being only a few feet at each recurrence, 
is a cause inadequate to the efibct, if we admit that earthquakeg have ex- 
hibited their maximum energy within historio times. 
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4. In a nujoritf of cases, the periods of disttnbaiioe od the g^obe appear 
to have been short compared with the periods of repose that have intervened ; 
as is obvious from the fkct that particular formations have the same strike and 
dip throughout their whole extent ; unless some portions have been acted 
upon by more than one elevatory force ; and then we find a sadden chaDge 
of strike and dip in the formations above and below. Whereas, bad any of 
the causes of elevatioa now in operation lifted up these formatioos by aiepe- 
tition of their present comparatively minute effects, there ought to be a grad- 
ual decrease in the dip from the bottom of the formation upwards, and no 
sudden change of dip between any two coosecuttve formations, unless some 
strata are wanting. At the periods of these elevatory movements, there- 
fore, the force must have been greater than any that is now exerted, to pro- 
duce analogous effects. 

5. The sudden and remarkable changes in the organic contents of the strata, 
as we pass from one formation to aiK>ther, even when none of the remilar 
strata are wanting, coincides exactly with the supposition of long ' periods of 
repose, succeeded by destructive catastrophes. Nor is the suppomtion that 
species of animals and plants have become gradually extinct, and have been 
replaced by new species, by a law of nature during periods of repose, sus- 
tained by any &ycts that have occurred within the historic period : no exam- 
ple having been discovered of the creation of a new species by such a law \ 
and only a fow examples of the extinction of a species. 

6. Upon the whole, w&e we to confine our attention to the tertiary and 
alluvial strata, it might be possible to explain their phenomena by existing 
causes, operating with their present intensity. But when we examine the 
secondary, palaeozoic^ and hypozoic rocks, we are forced to the oondnskKi 
that this hypothesis is inadequate ; and that we must admit a far greater in- 
tensity ui geological agencies in early times than at present 

8. But the question here arises, how long a period shall we assume as a 
measure of the intensity of existing agencies ? The most strenuous advocates 
of the doctrine of uniformity will admit of some oscillation in the intensity of 
these agencies ; because a single year shows it How, then, shall we deter- 
mme bow wide that oscillation may be ? In order to obtiun the average in- 
tensity, how can we say but that all geological cycles must be included? To 
make any particular portion of time the meaaure'of all the rest, must be an 
arbitrary assumptkm. And, therefore, we can not ascertaui what is the 
standard or the average of intensity ; and until this can be done, is the sub- 
ject considered under this head any thing more than a controversy about 
words? 



PART III. 

CONNBCnOK BETWEEN GEOLOGY AND NATURAL AND 
EEVBALED BELIGION. 



1. ILLUSTRATIONS OF NATUBAL RELIGION FBOK QEOLOOT. 

1. Geology shows us that the existing system of things upon the 

globe had a beginning. 

Proof 1. Existing continents have been raised from the bottom 
of the sea, where most of their surface was formed by depositions. 

2. With a few exceptions, the existing races of animals and plants 
mnst have been created since the deposition of all the rocks except 
the alluvial, because their remains do not occur in the older rocks. 
Hence it appears that no»t only the present races of organic beings, 
but the land which they inhabit, are of comparatively modern 
production. 

Inf, 1. Hence it is inferred that the existing races of animals 
and plants must have resulted from the creative agency of the Su- 
|Nreme Being ; for even if we admit that existing continents might 
have been brought into their present state by natural causes, the 
creation of an almost entirely new system of organic beings, could 
have resulted only from an exertion of an infinitely wise and pow- 
erful Being. Indeed, the bestowment of life must be regarded as 
the highest act of omnipotence,. ' 

Inf 2. Hence the doctrine which maintains that the c^rations 
of nature have proceeded eternally as they now do, and that it is 
unnecessary to call in the agency of the Deity to explain natural 
phenomena, is shown to be erroneous. 

Inf 3. The preceding inferences being admitted, natural theol- 
ogy ne^d not labor to disprove the eternity of matter, since its 
eternal duration might be admitted, without affecting any import- 
ant doctrine. 

2. In all the conditions of the globe from the earliest times^ and in 
ihe structure of all the organic beings ihmt have successively 
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^peopled it^ we find the same marks of wise and benevolent adap" 
tation^ as in existing races, and a perfect unity of design extend" 
ing through every period of the world's history. 

Proof 1. The anatomical structure of animals and plants was 
very different at different epochs ; but in all cases the chapge yr?^ 
fitted to adapt the species more perfectly to its peculiar condition. 

2. To communicate the greatest aggregate amount of happiness, 
is a leading object in the arrangements of the present system of 
nature; and it is clear ftami geology, that this iras the leading 
object in all previous systems. 3. The existence of carnivorous 
races among existing tribes of animals tends to increase the aggre- 
gate of enjoyment, first, by the happiness which those races them- 
selves enjoy; secondly, by tKe great reduction of iihe;: suffering 
which disease and gradual decay would produce, were they not 
prevented by sudden death ; and thirdly^ by preventing any of the 
races from such an excessive multiplication as wonld exhaust t^cir 
supply of food, and thus produce great suffering. Now, we find 
that carnivorous races always existed on the globe, showing a per- 
fect unity of design in tliis respect Tlius, when th^ chambered 
shells, so abundant in the secondary rocks, and which were car- 
nivorous, became extinct at the , commencement of the, tertiary 
epoch, numerous univalve m<^lusc8 were created, which were car- 
nivorous ; although till that time these races had been herbivorous. 

Inf. From these statements we infer the absolute perfection, 
and especially the iomdutable wisdom of the Divine charoi^rw A 
minute examination of the works of creation as they now exist, 
discloses the infinite perfectk>n of its Author, when, they were 
brought into existence ; and geology proves Him to have been 
unchangeably the sarnie, through the vast periods of past duration, 
which that science shows to have elapsed since the original form- 
ation of the matter of our earth. 

3, Geology furnishes many peculiar proofs of the Divine benevo^ 
lence, so peculiar that they have sometimes been quoted in proof 
of penal infiictions. 

Most of these proofs are derived from agencies whose immediate, 
effects are destructive and desolating. Thuff soils, which are little 
el$e than cotnmiituted rbcks^ can not be prepared and spread dve£ 
%«. 3^#iy9 :witil)i0uttio9gand.powetfttl erosions by^icejmd.w«tBr, 
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■stwms and inundatioiis, glaciers and icebergg. But though some- 
times inyolving men and animals m d^truction, jiei who will 
doubt the benevolence of the operation ? ; So the processes by 
which the various oj-es h^ave been . put into the earUi's cmst^ have 
been accompanied by violent fracture and dialpcation^iiDd a Bemi^ 
fusion of mpst of the Btfata. How little lik^ beoevoJeuc^ aUo, to 
have seen the crust bent, crumpled and fractured, here ridged 
into mountains^ and there sunk into valleys,: Yet.without all this 
man never could have got access to many of the useful minerals 
and rocks, water Would have stagnated on the level surface, 
and the beautiful scenery of the globe would never, hj^ve been 
seen. In the fearful history of volcanoes ^nd earthquakes, thotigh 
fWl of scenes of appalling suffering, yet who knows hoW essen. 
tial tbey may be to preserve the balance of nature, and prevent 
the great fiimace <^ heat within the earth fron^ rending it~ to 
atoms ? : 

If any inquire why God coma not have secured the good with- 
out the evil ? it can only be said, this is a fallen world, where man 
requires the discipline of evil, and therefore it is miled with all 
sublunary things. 

4. Geology famishes interesting examples of tohat may h€ called 
prospective benevolence. 

By this is meant a special benevolent provision for the happi- 
ness of animals, made long before their existence. Hie following 
are examples: 

1. The vast amount of coal found in the earth is the result of 
long and slow processes in the ages far back towards the begin- 
ning. Vast forests, almost untenanted by animals, and seemingly 
of no use then, were buried beneath the soil and waters, and 
gradually changed into peat, brown coal, bituminous coal, and 
some of it into anthracite. What if this storehouse of fuel had 
not been laid up ? Human society could not have advanced much 
beyond barbarism, nor have multiplied as it has done. 

2. Gold seems not to have been introduced into the rocks tilt 
just long enough before man's appearance to allow erosive agen- 
cies to collect it in the low spots, where man could obtain it. Be-^ 
fore man no animal seeded it, but how great a blessing to mai>4 
1% does seem. 1^. if the ti^e and m^um^ of its introdui^oA iato 
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the earth's crast pointed most unmistakably to man as an act of 
prospectiye benevolence. 

3. It looks like the same benevolence that prepared by slow 
processes a richer soil to greet man than had e^er before existed, 
and afford him nourishment. 

4. So, too, there is reason to suppose that certain miasms, such 
as an excess of carbonic acid, were gradually removed frcfm tiie 
atmosphere to adapt it to his health and happiness. 

6. Oeology proves repeated special divine interpositions^ or miracles^ 
in nature as well as sjpecial providences. 

LA miracle is an event that can not be explained by the laws of 
nature, but takes place in opposition to those laws or by their 
agency intensified or diminished7 

A special Providence is an event brought about apparently by 
second causes, but those causes have been so arranged or modified 
by Divine agency out of sight, that some specific object is accom- 
plished, which would not otherwise be effected. 

Geology abounds with examples of miracle-s and special provi- 
dences as thus defined. We know that the time was when no 
animal or plant lived on the globe, because it was a molten world. 
What but a miracle could have filled it with inhabitants ? We 
know that in after ages whole races died out and new ones came 
in, so that numerous entire changes of population occurred. A 
miracle certainly was essential at each change — ^to create the new 
ones, if not to destroy the old races. Or if we set aside all these 
cases, we know that man was introduced among the latest of ani« 
mals ; and if his creation was not a miracle, no event could be. 

So the various circumstances mentioned under the last head as 
examples of prospective benevolence, all pointed through long 
ages so significantly to man, that true philosophy must regard 
them as arranged with special reference to him by the Peity, and 
are therefore indicative of special providence. 

Thus may we with confidence put down miracles and special 
providences as articles in the creed of natural religion, where 
they have not till lately been found. They of course take away 
all presumption against analogous doctrines in revelation. 

6; In spite of these evidences of Divine benevolence, geology unites 
vdth all other sciences, and toith experience^ in shMing the world 
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to be in a fallen condition^ and that this condition was foreseen 
and provided for^ long before man's existence, so that he might 
find a world well adapted to a state of probation. 

Proof 1, It appears that the laws and operations of nature, 
have been the same, essentially, as at present in all ages. 2. That 
tiie same systems of sustenance, reproduction, and death, have 
always prevailed. 

Inf 1. Hence it must always have been impossible, in this 
world, to have avoided severe suffering ; e, </., pain and death. 

Tnf 2. Hence it has never been j^ such a world as perfect 
benevolence would have prepared for perfectly holy and happy 
beings ; though benevolence has always so decidedly predominated 
in it, as to show it to be a world of probation and mercy, not of 
retribution. 

7. Geology enlarges our conceptions of the plans of the Deity. 

1. The prevailing opinion, until recently, limits the duration of 
the globe to man's brief existence, which extends backward and 
forward only a few thousand years. But geology teaches us that 
this is only one of the units of a long series in its history. It 
develops a plan of the Deity respecting its preparation and use, 
grand in its outlines, and beautiful in its execution ; reaching far 
back into past eternity, and looking forward, perhaps indefinitely, 
into the future. 

2. Each successive change in the condition of the earth thus 
far, appears to have been an improved condition ; that is, better 
adapted for natures more and more perfect and complicated. In 
its earliest habitable state, its soil must have been scanty and ster- 
ile, and almost destitute of calcareous matter, except in the state 
of silicates, which plants decompose with difficulty. The surface, 
also, was but little elevated above the waters ; and of course the 
atmosphere must have been very damp ; though the temperature 
was very high. Every subsequent change appears to have in- 
creased the quantity and fertility of the soil, the amount of the 
salts of lime and humus, and the dryness of the atmosphere. 
Should another change occur, similar to those through which it 
has already passed, we might expect the continents to be more 
fertile, and capable of supporting a denser population. 

3. It appears that one of the grand means by which the plans 
of the Deity in respect to the material world are accomplished, is 



constat change; partlj tnedanical, but <M^y cliei£il(^.' la 
everj part of oar globe, od its sur&ce, in its erust^ and v/e bave 
reason to suppose, even in its deep interior, tiiese changes ar<^ in 
constant progress ; and were tbey not, universal stagnation and 
death would be the result We have reason to suspect, also, that 
changes analogous to those which the earth has und^gone, or is 
now undergoing, are taking place in other worlds ; in the comets^ 
jhe sun, H^ fixed staxs * and the planeta. Inr short, geology has 
given us a glimpse of a great princifde of iii$UddlUy^ by which the 
stability of the universe is secured ; and at the Same tj^e, all these 
movements and revolutions in the forms of matter essential to the 
existence of organic nature, lu'e produced. Formerly the examples 
of decay so common everywhere wqre :r^arded a^ defects in na- 
ture ; but they now appear to be an indication of wise and benevo: 
lent dengn ;^~a part of the vast pluis of the Deity for securing 
the stability and happiness of t^e universie« 

2. BBARINGS OF OBOLOQT U70K BSVBAUSn BEUaiOK. 

Since many truths lire oomiiion to natural and revealed rel^on, 
It is not easy to draw t^e line exactly between the bearings <^ 
gecdogy upon these two departments of theology. 

lliere are, too, some erroneous nqtioi^ widely prevalent on- the 
subject, which need to be corrected before a persoi^ can kxdc at it 
in its true %ht 
;/ , / 1: L One is, that geologists in Iheir wri1»ngs have u^yed ^o &ctiB 
Ml of their science against revelation. But the fact is, that the whole 
jange of geological literature scarc^y furnishes an etatnple of this 
sort from any gediogist of di^inction« Such attacks, when made, 
)iave come firom mete i»cidi^ in the science, or from men learned 
in other departments, but no geologists. 
^ Auother ia^ that tho hewing? of geology upon rd%ion are those 

of conflict rati^r than of illustiation and corrofeor^^oaf The Uek 
is, that most cases of supposed collision jaa;re turned out idready 
to be mere illustra;tion : just as^nodemastronom^^ has shown us how 
to understand certain passives of the Bible relating to the insing 
of the siin and immobility of the earth, so has geology ca^ sim- 
ilar light upon passages relating to the age of the world and the 
introduction of levil. And alliiough some few points may still Imve 
an aspect of collision, the reverse is almost universally true ; and 



w^ mi^ How siay that geot<^ iUustrates rstlier tkafi o^|>06^ reve- 
lation. 
Q '■ A ^ifd ifalde notion isj that flie {>riticiple8 of geology at« tin- 
settled aad constaBtly ebao^ng, add thiat in hci it is chiefly made 
up of vi^oe and conflicting hypothesee. That there are in geol- 
ogy, as ib othei^ physical sci^tices, unsettled points and doubtful 
hypothec is adniitted. But its leading pt-iaciples are as well 
settled nearly as those of chemistry, astronomy, and physiology. 
£:^)6ii$lall]Fis ir true that those pHncfiples: which bear upon religion 
are rarely^znddifled by new <Uscoveries^ but ral^^^stabtished more 
firmly. ::■.:,■■ ■.• ; • 

Hence we see* how false is the positibt) ^ some professed friends 
- <rf religion take, who say that the time hafe not yet come t6 at^ 
lempt a ^eeoneiliati^n of geok>gy lsi^d r^j^oii, a^ therefore they 
will believe th^ latter on the principle of ^th^ because the Church 
does, and wait for further devel^^ientd. Sdch a sort of bdief, 
with phHeeophic ininds, is usually lit^e dse but covert infidelity, 
and instead of honoring, it dishonors religion, by adtnitting that 
as yet it can not be defended against the attacks of science. 
^ Henee^ to6, we see the error of maintaining, as some do, that 
geology ought not to be allowed to modify at all our views of the 
meaning of Scripture, or any of its truths. ^ For astfoiiomy, chem- 
istiy, and physiok^y, as well as cjvil history, have been allowed 
to make such modifications ; why should a like power be denied 
to geology, if its leading principles are settled f 

, JHffisrent 0ta^(i'p<>ints from which tojudg^ of ih^ Religioiu 
Bearings of Geology. 

Three classes of men have written concerning the connection 
/ between geolc^ and religion; /jhe first are professed believers in 
revelatkm2i/ biit they do not suppose the Mosaic record to be in- 
spired and iniaWible as to history or science ; and hence they are 
not surprised to find discrepancies and absurdities in wliat they 
Regard as a myth or feble of the creation got up by Moses to ac- 
e(hBf^kh some important purpose, but not inspired. 
^. /^e second class are firm believers in the Bible^ but not in 
geology, which they consider so unreliable that it ought not to be 
taken into account at all- in the interpretatakm of Scriptuii/; nay, 
ibey c^Misider the science,, as .well as itsi teachers as. really hostile 
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to Scriptore, and therefore to be met by the most determmed re* 
sistance. 

^lie third class believe in the divine inspira^n and anthcmtj 
of every part of the Bib]?; bat they admit also the great princi- 
ples of geology, and think the two records not only reconcilable, 
bat that they cast mataal light apon each other, and tJiat geology 
lends important aid to some of the most important traths of reve- 
lation. 

With this last class oar views coincide entirely, and we r^ard 
it as nseless in this work to describe the theories by whicb the 
other classes attempt to sustain their views, since the authority of 
the Bible is destroyed by the first, and the settled principles of 
science ignored by the second. The third is the stand-point which 
we shall occupy in enumerating the most important illustrations 
and corroborations derived by revelation from geology. 

We think it is an error conmiitted by some of the ablest vrritera 
on this subject, that they have attempted to draw out a comf^et^ 
system of reconciliation and illustration between Genesis and 
geology. For it is obvious that the Mosaic account is fragment- 
ary ; or, as an able writer has expressed it, it gives us only the 
memorabilia of creation, but not a full and detailed acconnt. 
Hence if we expect, to find in the Scriptures something correspond^ 
ing to all the details of geology, and in the same order, we shadl 
be disappointed ; because it was not the object of Moses to give 
us a full account of the creation, and in a «cientific dress. Letu9 
now enumerate some of the points in revelation that derive sup- 
port or illustration from geology, and also show the harmony of 
the two records. 

1. The Scriptures and geology agree in not fixing the time of 
the creation of the world. The Bible says it was made ^ in the 
beginning,'' and language is scarcely capable of more indefiniteness 
as to time ; nor is there any necessary connection between this 
general proposition and the {acta which follow. 

Geology is alike indefinite. We see, indeed, on its records a 
great number of distinct facts, but no clue is given as to their 
chronology ; and in f&ct no hint as to the first act, the production 
of matter. 

We might stop here, and with good reason take the ground, 
that having proved the preceding proposition, nothing farther is 
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necessary entirely to answer all objections against revelation on 
the gronnd that its chronology does not agree with the records of 
geology. No matter how old geology makes the world ; it is not 
older than the *^ beginning" of Scripture. 

2. They do fix the time when man appeared. The Bible repre- 
sents him as the last of the animals created, and from him a series 
of chronological dates is carried forward to the present time. His 
remains, too, are found only in alluvium, the most recent of the 
formations. This is a most interesting coincidence. 

3. They agree in representing creation as the work of God, This 
is very marked in the Bible, and geology presents numerous exi- 
gencies in which no law of nature, no transmuting process will 
answer, — nothing but the special creating power of the Deity. 

4. ITiey agree in representing instrum>entalities as employed in 
the work of creation. God comiiianded the earth to bring forth 
grass, and herb yielding seed, on the third day, and the waters 
every living thing that moveth, on the fifth. Divine energy was 
of coarse concerned, but these were the instruments. So from 
geology we learn that immense periods were consumed in prepar- 
ing by natural operations for the introduction of animals and plants. 

5. They both represent creation to be a progressive work^ com- 
pleted by successive exhibitions of Divine power.^ with intervals of 
repose. How long the intervals were, according to the scriptures, 
will depend on the meaning which we attach to the word day. 
But if they were only common days, the acts of creation would 
still be successive and the work progressive. 

Geology, too, teaches us most distinctly that the various animals 
and plants were not introduced at once, but at intervals widely 
separated. This is an interesting coincidence between the two 
records ; because we should beforehand presume that all the races 
would be introduced by one* creative act. 

6. They agree in representing the continents as covered an in* 
definite period by the ocean^ and subsequently elevated above it. 
Geology testifies to several vertical movements of this kind ; the 
scriptures mention but one, which perhi^s was intended to stand 
as a representative of all. 

7. They agree in giving to the earth a very early revolution en 
its present axis. The very first day in the Bible, while yet the 
ocean covered the continents, is represented as having its evening 

in ■ ^ ^ 
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md morning^ just lite iall the rest This was Wore the etisteDce 
of animals and plknts. But geology shows that diis eveniog and 
mpming commienced still earlier, even while yet the earth was in 
a molten state ; for we find the earth fl^ened at ihe poles exactly 
so much as it would be by a revioliitioii on its axis in twenty-ibnr 
hours. After its cons<^idationy such a revolution would not have^ 
thus flattened ike poles ; and while Mid, if it had turned faster, 
than it now does, the poles would have been more flattened ; or it 
slower, they would have been less flattened. The proof is con- 
clusive, therefore, that it revolved as it now does as early as when 
it was in a molten' state. This fiEict is fatal to several fine theories, 
whicb have been based on the supposition that befco^e the focirUt 
day, when the sun and inoon was crested, tiie eartib's ievolatioa 
was much slower than afterward ; and, therefore, Moses did' not 
intend us to understand the days as periods of twenty-four hoors^ 
Science now shows that such hus always been their length. 

8. The Mosaic €Lccount of creation allows wi io 4uppoge^ aii 
indefinite interval between the beginning/ and the first day^ which 
may correspond to the va^t periods of geological history. Aft^ 
the first production of matter, it is said to have T)een covered by 
water and darkness, and to be without form and void, that is, 
invisible, or wastes and unfinished^ Now how lon^ Hmay have 
remained in such a condition, who can tell f - It may have been 
long enough to pass through the changes whicb geology discloses^ 
except that which' prepared the way for the ih^x>dQction of the 
present races. All this may be admitted, whatever views we take 
of the nature of the six days. 

If all ' will admit this, as nearly all do, why mky we not rest^ 
hercj and say thjait it is unnecessary to go farther in order t6 show, 
the harmony between geology and scriptiire^ For here w6 have 
an admitted interval in the Mosaic account, sufficient to stretcb 
over all the geological periiodsj and why need ive troul^e our- 
selves to inquire into the nature of the six days^ whether they hei 
natural days or longer periods. Wo fully vindicate the scfiptoret 
from collision with science^ by planting otirselves on this admitted 
interval. And this is the second resting^^place of this kind whiob 
we have already found. But inquisitive minds are not satisfied 
without an attempt toTenudf^s^te the meafiing of the term day in 
Genesis, and therefore we take up that subject. 
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df, Tke iik dct^ of creation^ in the view 6/ eminent writers, may 
h^ used^ft^ratively for indefintte. periods^ This opinion found 
luivocates as early as: the times of the Christian £sithers^ Augus- 
tine, Origen^et<?*faB^ 'in more moderh times 'has been ably de- 
eded, by Hahn,;DeLue, Professors Lee and Wait of England, 
and by Professdrs SiHiroan ^and Guyofr of this country. They 
maintain that th^ word day is used thus figuratively in all Ian- 
giuiges; thjBt it iaso jiised in Gen^ 2^ ; that the seventh day, or 
God's Sabbtt^, has not yet terminated, and, therefore^ the pre- 
tiott» dfl^s may have been equally long, and that such ah interpre- 
ti^ion corresponds remarkably with the i traditions and cosmog- 
onies of inany heathen niations; Yet othets object that such a 
meaning is forced and bnnatural iii a passage where every thing 
«lie seems literal^ and that the sacred writers have shown what 
meaning they attached to this word in tbet fourth comtbandment, 
where it is impossible to doabt that the sijc days in the first part 
Kre literal days, becausi^ they are days of labor;, and so must also 
bo the six days referred to in the latter part, in which the Lord 
made heaven and earth. 

But though it is diflicult to believe that Moses had any other 
than natural days iu mind, mo^ refiecting persons who read the 
whole chapter, will feel that iii reality they must be different, and 
perhaps they will sayj like St. Augustine, " it is very difficult to 
conceive, much less to explain, what sort of days those' were.** 
Auothet view h^ been proposed which excites unusual interest at 
the present time. It is the following : 

10. We may understand tke days as symbolically representing 
indefinite periods4 A symbol is the representative of something 
else. The word is taken in all respects in its literal signification, 
yet it has a higher meaning. Mpses probably understood, and 
meant his readers should understand, the days of creation ad lit- 
eral days ; but they actually symbolize higher periods ; just as 
day*, weeks, and times are used in prophecy (which often has A 
symbolical form) for years. 

The great advantage of this view of the subject over that which 
makes the days a figurative representation of long periods, is, that 
hereby we can take the scriptural statement in its plain, literal 
sense, yet those literal days may be stretched by sy mbolization 
over the widist periods which geology $hows to have separated 
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the Divine creative acts. It is no error, if a man chooses to un- 
derstand Uie six days of creation as literal days ; nor any error for 
the geologist to make them symbolize vast periods. 

11. 7%e biblical cLccouni of creation may be regarded etB a muc- 
ee$sion of pictures with existing nature on the foreground. Ever 
since this, the pictorial method, was suggested by Dr. Knapp, in 
1789, it has been a &vorite mode of representation among au- 
thors ; the most brilliant exhibition of which was by Hugh Miller. 
But three errors have generally pervaded these representations. 
Hie first is, that the six pictures in Genesis embrace every geo- 
logical change the earth has undergone ; secondly, that they are 
given in true chronological order ; and thirdly, that in the life 
pictures the plants and aninuils now found dossil, not the existing 
species, occupy the foreground. Inextricable confusion and dis- 
crepancy have resulted from the mixture of such elements. But 
only admit that the sacred writer intended to give only certain 
prominent scenes in creation (its most important memorabilia), 
and not always in true chronological order, and that existing ani- 
mals and plants were the models before him, the fossil species 
coming in on the background only by implication, and all the -pc- 
tures become luminous, beautiful, and harmonious. 

12. By such a mode of description the sacred writer was not 
bound to give^ and indeed could not give, always the true chronp^ 
logical order of creation. To make this evident we subjoin in 
parallel columns the principal events as they are revealed by the 
sacred penman and by geology. 

The right hand column gives as fair a view as wo ean of the 
order of creation as developed by geology ; the names of the sev- 
eral classes being given when they first appear, and their greatest 
development by small capitals. The left hand columti gives the 
principal results of the six days' work according to Scripture ; and 
where there seems to be no doubt of parallelism, they are placed 
opposite to events in the geological record. An examination of 
this table leads to several important conclusions. 

1. We learn that some events found in one column do not oc- 
cur in the other. The igneous fluidity of the gbbe is one of the 
best established conclusions of geology ; but it is not named m 
the Bible. The introduction of numetous groups of animals and 
plants at different periods is ano^er settled fiwt in geology ; but 
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the Scriptures name only one creation of the great classes. On 
the other hand, the creation of the atmosphere on the second day, 
and of the sun, moon, and stars on the fourth, have no counter* 
part in the geological record. 

2, There are several rather striking coincidences between the 
two records as to the order of events and the kinds of organisms 
introduced. Both show us, in early times, the continents beneath 
the ocean, and subsequently lifted out of it. Birds and sea ani- 
mals are introduced on the fifth day, which may reasonably cor- 
respond to oolitic times, when birds and reptiles appeared in large 
numbers, if we may depend upon the tracks of the former as 
proof. Land reptiles and mammals^, or quadrupeds, come in not 
till the sixth day, which may well be regarded as synchronous 
with the tertiary formation, when, according to geology, they 
were first fully developed. Man, too, on both records is repre- 
sented as the last animal created : a coincidence of great interest. 

3. There exist also several diversities on the two recoi-ds as to 
the nature and order of events. We do not call them discrep- 
ancies ; for they are so different in nature as to be incapable of 
being compared.' Thus, the creation of the atmosphere is repre- 
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sented as occupjing tbe whole of tbe second demiurgic day. Bat 
geology has no record of such an event, and therefore no com- 
parison can be institoted. The same is tme of the creation of the 
son and moon on the foarth day. It does seem remarl^ble, how- 
ever, that these luminaries should be represented as created not 
until after the vegetable world on the third day, if the writer had 
intended to preserve the true chronological order of events. No 
impostor would have been so short-sighted as to commit Buch a 
blunder ; hence there must be some other reason for such an ar- 
rangement Alike strange is it to find the creation of the atmos- 
phere placed so much before that of the heavenly bodies, when 
these, as things now are, seem indispensable to atmospheric phen* 
omena. 

4. The most important conclusion drawn from this table is, that 
the sacred writer did not and could not give the true chronologicid 
order of events. The different classes of animals and plants, ac- 
cording to the geological record, appeared at different periods ; the 
same class often several times repeated, and with different degrees 
of development. Thus^planta b^aawith the lowest class, the 
Algae, and not numerous, in the Cambrian i^ates, the oldest of fos- 
siliferous rocks. In the Devonian a few acrogens imd coniferous 
plants appeared. In the Carboniferous there was an immense de- 
velopment of acrogens, or flowerless trees, and some dicotyledons. 
The latter, however, the naost perfect of plants, were not folly de- 
veloped till the tertiary, and still more fiilly in alluvium. Yet 
plants are all represented as created on the tiiird day. How was 
it possible, then, to give the chronological date or order of th^ 
creation unless the^ sacred writer had. gone into the scientific de- 
tails above hinted at? The same is true of the groups of ani- 
mals, which in the Bible are more comprehensive and indefinite 
than those of science, because they are such as are in popular use. 
By the plan of the inspired writer, the time and order of their 
appearance could not be given, 'and, therefcwe, the discovery of 
any diversity in this riesp^ct between revelation and science is no 
objection to the former, because it is not responsible for the time 
and order of events, but only for their truth. And if this is so in 
regard to the organic world, ^hy may it not be so in r^ard to 
the other events described f ^oses wished to give a pictorial 
representation of some of the principal events' in the work of 



LBABIKO FACTS PBS49EKTBD. 891 

crejition, aiid, therefore, he conformed to si chronological order 
only so &r as his Jeading object required. It would be natural for 
him to begin his pictures with the world in a chaotic state, buried 
bj darkness and water, with the light just breaking in. Accord- 
ix^ to ancient ideas there was an ocean above as well as below, 
jmd this might hare suggested the formation of the firmament on 
the second picture. It was natural next to bring up the sub- 
merged land and adorn it with vegetation. This might awaken 
the thought of introducing the heavenly bodies. And now it 
might occur that everything was ready for the introduction of 
animals into the atmosphere and the waters ; and last of all to let 
the most perfect of animals come in with man. 

These may not, and probably were not the reasons why, as we 
suppose^ Moses departed from a chronological arrangement of his 
six pictures ; but they show that there might be reasons for doing 
this. It has been and still is almost universally assumed, that 
Moses gives a connected and chronological history of creation ; 
and then ingenuity has been taxed to the utmost to accon^modate 
th^ facts to such a supposition. But if we may reasonably suppose 
that he. meant only to give certain leading and selected /acts^ con^ 
formed to a chronological order only so far a^ suited hie purpose^ 
just as one might select certain facts from the early history of the 
country, and show then^ by pictures arranged so as to produce the 
best effects without reference to dates, it relieves the sacred writer 
frota 9M responsibility as to chronological order and scientific ai^ 
rang^ment, and really does more to bring out the beauty of the 
Mosaic history of creation, and to bring it into harmony with 
science, than akaost all o|her principles. 

: 13. ffeohgy and the £ihle <$gree in representing physical evil 
usin Jthe world ^fore man, . Geology shows that the same mixed 
system of suffering and enjoyment, of liability to painful accident 
and inevitable death,, has always prevailed as they now do. The 
Bible^ too, intimates that death and other evils preceded man. Of 
what use was the threatenipg of death if no example of it ex- 
isted among animals ? Again, plants were created with seeds in 
them, and animals made male and female for the production of a 
succession of races, and such a systeqi implies a correspondent 
system pf de$th. The huniian family mi^ht have been specially 
preserved by the fruit of th^ tree of life, perhaps, from the com- 
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mon lot, till they liad sinned, when they too most die. Again, 
the selection and fitting up of a spot eastward as the Garden of 
Eden, as a place for man while holy, and his expulsion from U 
afler he had sinned, implies that the world generally was, as now, 
a world of evil and suflfering. It was made so from the beginning, 
because it would ultimately become a world of sin, and sin and 
death are inseparable. If animal existence is, on the whole, a 
blessing in such a world as the present, or if animals may live 
hereafter, and receive some ccnnpensation for their sufferings here, 
the time when they suffer, be it before or after man^s apostasy, 
makes no difference. 

14. Zoology and geology throw doubt over the literal univertal' 
ity of the deluge of Noah. The many vertical movements of con- 
tinents taught by geology afford a presumption in favor of the 
Noahian deluge. But the science also shows the absurdity of a 
wide-spread opinion, that the numerous marine shells and plants 
found fossil in the rocks were deposited by the deluge. For they 
extend through more than ten miles in thickness of rocks, and are 
arranged in systematic order, and most of them are changed into 
stone by a slow process ; and to impute all this to a transient del* 
uge of less than a year, is to impute effects to a totally inadequate 
cause. 

The doubts about the flood^s universality result, first from the 
difficulty of covering the whole earth for so long a time with 
water ; secondly, to find a place in an ark 450 feet long, ?5 feet 
broad, and 45 feet high, for 1,658 species of quadrupeds, 6,000 
species of birds, 642 species of reptiles and tortoises, and 120,000 
species of insects — ^all of which have been shown by natoialists 
to exist. But the grand difficulty is to collect them all in one 
spot, and then to disperse them again, without a special miracle ; 
and if a miracle be introduced, all reasoning is nonsense. More- 
over, if the regions inhabited by man, then probably quite lina- 
ited, were covered, what was the use of drowning the rest of the 
world ? The language of Scripture, though at first view seeming 
strongly to teach a literal universality, is in many other cases quite 
as strong, although we know that it does not imply universality ; 
but is an example where universal terms are employed to desig- 
nate only a great many. See Genesis xli. 57, Exodus ix. 25 and 
X. 15, Acts iL 5, Colossians i. 23, etc. 
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15. The Bible teaches that the earth will be, and geology that it 
may he, destroyed by fire and its surface renovated. The Bible 
declares that the earth will be burnt up and its elements melted, 
which would reduce it to a molten globe. Geology shows that the 
globe contains all the elements necessary to bring about such a re- 
sult. At the rate the internal heat increases, melted matter would 
be reached in less than 100 miles. How vast the amount of 
melted matter below, on that supposition. Fig. 125 will show. It 
is clear that if from any cause, natural or supernatural, such a 
crust in one part should be broken through and sink into the 
molten ocean below, all the rest might founder and disappear, and 
a mrelted globe alone remain. Then would begin anew the forma- 
tion of another crust, on which another economy of life might be 
established, and this might be the new heaven and new earth de- 
scribed in the Scriptures as the future residence of man glorified. 

Conclusions, 
First, in order to show that there is no discrepancy between 
revelation and geology, we can take any one of three positions, 
each of which is sufficient. We may show that Moses does not 
fix the time of the material creation ; or, secondly, that his ac* 
count admits an indefinite period between the beginning and the 
first day ; or, thirdly, that the days stand symbolically for long pe- 
riods, and that on the plan of description adopted by the sacred writer 
he could not give, in all cases, the chronological order of creation. 
Either of these positions, in the view of any unprejudiced mind, 
completely vindicates the Mosaic account firom any collision with 



Secondly, geology furnishes very important illustrations of the 
Mosaic account, and corroborates several truths of revelation. 

Thirdly, still more remarkably does geology illustrate the prin- 
ciples of natural religion, and add to its creed several doctrines 
generally regarded as exclusively revealed. 

Hence it is high time for believers in revelation to cease fearing 
injury to its claims or doctrines from geology, and to be thankful 
to Providence for providing in ihh science so powerful an auxiliary 
of religion, both natural and revealed, 

17* 



PART IT. 

ECONOMICAL, GEOLOGY. 

Eeonomteal Cfeohgy is an account of rocks with reference to their peeimiary 
yalue, or immediate application to the wants of society, lliese praetscal ap- 
plications may be indnded under the three general heads of mining, engi- 
neering and architecture, and agrteulture. ^ 

JtfShtn^ is usually understood to relate chiefly to the means employed for 
extracting metallic ores finom veins. We shaU apply it to the extraction of 
ores from all metalliferous deposits. Preyiou^y, then, to the details of the 
process, we must describe the d^erent modes in which the mets^ are found, 
and their origin. 

MetaUiferotis Deposits. 

Metallic Veins, — ^The metallic' matter, called ore, rarely occupies the whole 
ef the vein ; but is disSemiiiated more .or 1q99 abundantly thtough the quartz, 
sulphate of baryta, wacke, granite, etc., which, constitute the greater part 
of the vein, and are called the gaiiguey matrix, or veinstone. Often the ore 
and the gangue fcnrmi alternating layers. Sometimes there are cavities lined 
with crystals, which cavities are caHed druses. 

Metallic, like other veins, vaijr very much in extent, both in a vertical and 
a horizontal direction. They are of hnknowti depth j for scarcely ever have 
they been exhausted downward. Tlie deepest mine that has been worked, 
is that at Truttenburg in Bohemia^ which has been explored to the depth of 
3,OO0feet 

. In all ca^es met^c, Hke other mineral veins, aire fiUe^ with mattie^ differ- 
ent from the rocks which they traverse. In some instances they are ob- 
viously of the same age with the containing rock, but in a hiajority of cases 
they are fissures that h&Ve been subsequently filled. They elshibit almost 
every variety of dip and strike, and yet it has been thought that they very 
often affect an east and west direction, though frequently .they run nordi and 
south, and tlieir dip usually ajpproaches the perpetraiculs^. *mesd veins often 
ramify and dinnnish until they finally disappeal*. Their width is ver^ various^ 
from a mere line up to some hundr^ of feeL The metallic veins of Corn- 
wall vary from an inch to thlr^ feet in width. The contents are sometimet 
arranged in sixccesaivB and often odrresponding layers on eadi' side. 

The contents of metalliferous veins often vary in the same vein, in different 
rocks through which it passes, both perpendicularly ai^d. in the direction of 
the vein. Its width also varies in the same inatiher. 

It is often found that all the veins of the same n^gfaborhood have essen- 
tially the same direction; and If there should be two distinct systems of 
veius in the same locality, one system, if they are both metalUferdus, will con- 
tain a metal not found in the oth^r, ' 

The rock in which metallic veins are fpund is called the country; the veins 
themselves are hdes; unproductive veins, hitersecting the lodes, are called 
^<M» coitrses; the dip or inclination of the vein is its hade, skpe^ or underlie; 
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wirings and threcuh are small filaments into which the vein sometimes rami- 
fies. The two sides of the sheet or lode are called its walls ; and if the dip 
of the vein is considerable, the upper one is termed the hanging waU, and the 
lower the /oo^ te^oZ^ 

Metallic veins are most numerous in hypozoic and palaeozoic rocks. 
Tein is worked in Great Britain above the new red 
sandstone. Nor are any explored of much import- 
ance, above the carboniferous limestone. In the 
Pyrenees, however, hematitic and spathic iron occurs 
in palaeozoic strata, in the lias, and the chalk. In the 
Cordilleras of Chile, also, tertiary strata, which have 
become crystalline by the proximity of granite^ are 
traversed by true metallic veins of iron, copper, ar- 
senic, silver, and gold, which proceed from the un- 
derlying granite. 

As a general fact, metallic veins aire most produc- 
tive near the junction of stratified and unstratified 
Tocks. Their productiveness depends also on their 
•relative direction. If one lode is rich, another lode 
near it, with nearly the same direction and in nearly 
the same country, will probably be found rich in that 
part opposite the rich part of the first lode. It is 
also! considered a favora^e indication of rich metallic 
veins, to find at the sur&ce decomposed masses of 
the ore called gossan. 

The latest writers upon metallie veins argue that 
the ores are richer near tlie surface than at great 
deptlis. 

Metallic, like common veins, have been produced 
at di^erent ^)ochs. Mr. Carne finds evidence in ^ 
Cornwall of the existence of metallic veins of no less ^ a 
than six or eight different ages; a case analogous | g 
to the one exhibited in Fig. 31, in Section L •§ I 

Fig. 412 is a section of tin and copper veins near s: ^ 
Eedruth, in Cornwall They generally pass from ^ 
the killas^ or slate, into the granite beneath. The ^ 
section reaches to the depth of 1,200 feet. The I* 
dotted lines represent the tin lodes (veins), and the • 
continuous lines the copper lodes. 

Lead Veins of the Upper Mississippi — The most 
iextensivo deposits of galena in this coimtry are in 
the valley of the TTpper Mississippi, in rocks of the 
Hudson , River group. The simplest form of the 
lode is a vertical sheet, from the thickness of a knife- 
blade to several feel; or a number of .these sheets 
may be grouped together. 

Sometimes the sheets terminate downwards in a 
large horizontal bed of ore, not usually less than 
four nor more than fifteen ieet thick. The sheets 
connected with these beds or openings, are called 
chimneys, as may be seen in Fig. 413. 

Very firequently these openings are not filled 
with ore, but are merely cavities in the rock, and 
often contain bones of extinct species of animids — as the wol( peccary, etc 

Or these openings may be partially occupied by ore. Fig. 414 re^resenta 
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the Marsden^s lode, showing both an open* 
ingj ^ partially filled with galena, and the 
composite strocture of some of the lodes, a 
is the cap rock, b a layer of blende, c of py- 
rites, d of blende, and the galena in the opening; ^ is twdve indies thick. 
This lode is what is called a flat sheet. 

These deposits are generally completely isolated, baying no connection with 
each other laterally or vertically. Nor do they extend definitdy downward. 

Ores in (he form of Beds* — ^The ores of iron sometimes occur in lode% but 
more frequently as beds interstratified with sandstones, schists, etc. Tin, 
lead, and copper are rarely found associated with these beds of inxi, but not 
in large quantities. 

These beds are undoubtedly of sedimentary origin. 

Alluvial Deposits. — Gold, platinum, and tin are often found in gravel and 
sand. The same forces that removed the gravel and sand from the ledges 
also washed away the ores from the veins, and deposited them as a part of 
alluvium. It is much more profitable, in general, to obtain gold and plat- 
inum fh>m alluvium than fh>m the original veins. 

ORIGIK OF METALLIC VEINS. 

1. Werner supposed that metallic veins were fissures filled by aqueoos in* 
filtration firom above. 

2. Button supposed that metallic veins were filled by melted matter injected 
from beneath. It is probable that many metidlic vems were thus pro4^oed. 

3. Professor Sedgwick supposes some metallio veins to have been produced 
by chemical segregation fix>m the rock in which they occur, while that was in 
a yielding state ; just as nodules of flint were segregated from chalk, or crys- 
tiJs of simple minerals fit>m the rocks in which they are now found imbedded. 

4. Mr. Fox and H. Beoquerel refer the origin of many metallic veins to 
electro-chemical agencies whidi are operating at the present day, to transfer 
the contents of veins even fix>m the solid rocks, in which they are dissemi- 
nated, into fissures in the same. The former of these gentlemen has shown 
conclusively that the materials of metidlic veins, arran^ as the^^are in tbd 
earth, are capable of exerting a feeble electro-magnetic influence ; that is, they 
constitute galvanic circuits, hereby numerous decompositions «nd recompo- 
sitions, and a transfer of elements to a considerable distance may be effected. 
He was induced to commence experiments on this subject, by the analogy 
which he perceived between the arrangements of mineral veins and voHaic 
combinations. And he thinks if such an agency be admitted in the earth, 
it shows wl^ metallic veins, having a nearly east and west directioo, ara 
richer in pre than others ; since electro-magnetic currents would more readily 
pass in an east and west than in a north and south direction, in omsequence 
of the magnetism of the earth. H. Becquerel has ^K>wn that even insolu- 
ble metallic compounds may be produced by the dow and long-oootinoed re- 
action and transference of the elements dT soluble compounds by galvanic 
action. He has also made an important practical applics^kioii <ii ^nM pria* 
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cipleSy which is said to be in successful operation in France, whereby the ores 
of silver, lead, and copper ere reduced without the use of mercury. This ingen- 
ioas theory bids fair to solve many perplexing enigmas relating to metallic veins, 
and to prove that some of them may even now be in a course of formation. 

6, M. Neckar and Dr. Buckland suggest that some mineral veins may have 
been filled by the sublimation of their contents into fiss\u-es and cavities of 
the superincumbent rocks, by means of intensely-heated mineral matter be- 
neath. Thus it has been shown that by heating galena in a tube, and causing 
its vapor to unite with that of water, a new deposition of that mineral was 
produced in the upper part of the tube ; and in a similar manner boracic acid, 
which by itself does not sublime, may be carried upward and deposited anew. 

Probably it will be necessary to call in the aid of all the preceding hypo- 
theses to explain the complioated phenomena of mineral veins. The third 
and fifth of these hypothecs meet with the greatest favor with geologists at 
the present day. 

MIKING. 

Preliminary Operations, — ^Valuable veins may be discovered by attentively 
observing the fragments of rock strewed over the surface. Their sources 
will be either upon the sides of the valleys in which they are scattered, or m 
the direction of the drift current. Ravines and steep hill-sides in the neigh- 
borhood should be carefully explored for traces of veins, which are usually 
prominently marked, either by elevation above the enclosing rock, depression 
below it, or by peculiar products of decomposition. 

When these moans are not available, shoading or easteaning must be tried. 
This consists in digging a series of narrow pits, a few feet deep, at right an- 
gles to the supposed course of the lodes. If the course of the lodes can not 
be satisfactorily conjectured, there should be two series of pits at right angles 
to each other ; and these should be connected by underground galleries, that 
no traces of ore may be overlooked. 

If a productive lode has been discovered, the first operation, if tiie situation 
requires it, is to drive an adU level This is a gallery intersecting the lode as 
far as possible below the surf^ and yet secure the draining of the mine. 

The second operation is to sink a pit or shaft intersecting the lode at a 

Fig. 41& 
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proper distance ftom the sai&oe. It is designed as the thoroughfare throngH 
vhu;h the ores are brought to the snr&oe, and ingress and egress are afiTorded 
to the miDors. The simplest mode of oonvejance is by means of a windlaa 
mounted on the shaft, to which two buckets are attached by a long rope and 
made alternately to ascend and descend in the pit 

Fig. 415 represents three lodes traversed by an adit level. Thted sbafl^ 
are also represeoted. Fig. 416 shows the interior of a shaft 

As the work progresses, horizontal galleries are excavated at different lev- 
els, striking the lode at different pointy and connecting with the principal 
Fig. 416. shaft These are called €:fi^cii<s; 

and by means of railways the 
ores are conveyed to the shaft, 
where they are drawn to the sur- 
face by the simple windlass, or a 
whim—& contrivance employing 
horse power — or by a steam en- 
gme. 

Sometimes, for purp<Me8 of ven- 
tilation and the readier woricing 
of the mine, pits are sunk from 
one level to another, without bemg 
directly connected with the 8tt^ 
face. These pits are called winzu. 
Methods ofaMackmg Git Bock.-^ 
These valry with the nature of the 
rock. If it be soft, pi(^-axes and 
shovels may be used. If it be 
hard, but traversed by seams, 
ifteeA wedges or gddsmacy be tised 
to split off large fragments of ore. 
Most usually, however, the rock 
miist be excavated by blasting 
with gunpowder. When the rocks 
are s^ er there is danger of slld- 
ing, widls ofsfeone Op firames'of tim- 
ber must be constructed, to preserve the openmgs and galleries. 

Extraction of Ores. — The materials excavated to form the galleries may 
be laigely composed of. ores, but these form a very small part of the vii- 
uable f)ragments whidi must be preserved. After the ore has been re- 
moved, the worthless rubbish may occupy its place, and thus the valuable 
portions be easily obtained at the dififerent levels. When the progress is firom 
a higher to a lower level, the operatiou is called stoping ; but if Ihe.progress 
is upward, the opemng is called a rise. 

Fig. 417 exhibits the excavations in the Huel Crofty Copper Mine in Corn- 
wall. The perpendicular excavations represent the shafts and winfces, and 
the portions shaded black represent those parts of the lode which have been 
removed by stoping. The levels in this mine, like most of those in Corawali, 
are ten &thoms apart 

Mechanical Pn^aratum of Ores. — ^When the ores reach the surface, the val- 
uable portions are picked out and prepared by various mechanical operations 
for meiaUurgic processes. 

CViis^tn^.— Many ores are prepared for smelting by crushing. The fVag^ 
ments are brought beneath two large cast iron cylinders, revolving in con- 
trary directions, and kept in pkMse by a heavy weight After being crushed, 
the ores pass over a sieve^ which separates the frogments of different i ' 
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passing the larger pieces beneath tlie rollers again^ until thej are sufficientl/ 
r^uced. 

Stamping. — ^Many ores, instead of being crushed by rollers, are pounded 
into smali fragffients by huge pestles moved by water or steam power. The 
pestles usually weigh from 300 to 400 pounds. 

Washing, — Though the ores have been thoroughly crushed or stamped, 
they are not yet quite ready for the furnace. There may be foreign substances 
mixed with them.: These are : commonly, separated from the valuable parts 
by washing. The principle of the separation is, that in consequence of the 
different specific gravities of the ores and refuse matters, the two classes of 
fragments, if made to fall in water, will settle in different liayers; and the 
most valuable layer, after the water has been poured o|Q( may easily be sep- 
arated from the others. 

The simplest apparatus for the washing of ores is the hand-sieve. It may 
be compared to a large tub having a sieve at the bottom. The tub is partly 
filled with the crushed fragments, then it is placed in a large tank filled with 
water. The tub is speedily filled with water, and by giving it a sort of un- 
4uIatory potion with the hands, the heavier particles will settle at the bot- 
tom, and thus, be separated for the metallurgist 

There are other methods of washing the ores by machinery, which are ia 
more genera! use than the hand-sieves ; but they -all involve essentially the 
same principle. 

The native metals, such as gold; and platinum, which are worked in allu- 
Tium^ beed only to pass through this process of waging to he prepared for 
useinthearta fiiit most ores^ when they have been carried through the 
processes already described^ must be reduced in a furnace to the metallio 
state. Itls the province df Mstallur^T t^ describe the methods of reduc- 
tion. 



Amount of MetaU Mined* 

It may be of interest to some to learn the amount of metals that are an- 
nually mined in the world. Wo add, therefore, two tables, the first givlhg 
the estimated value of metals obtained, by mining in ld54, and the second giv- 
ing their amount For these ts^bles we are indebted to ThA MekUlie WaaUh 
ofihe United States, by J. D. Whitney. 
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Amount of Metals obtained by Mining in 1854. 
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Gold. 


Silver. 


Mer- 
cury. 


Tin. 


Copi>er 


Zinc 


Le«l. 


Iron. 




lbs. 
Troy. 


lbs. 
Troy. 


lbs. Av. 


Tons. 


Tons. 


Tons. 


Tons. 


Tons. 


Bossian Empire 

Swedeu 


60.000 
2 


58.000 

8.500 

17.000 

70.000 






6.500 

1.500 

650 

14.500 


4.000 
40 

'i'.m 

16.000 

88.000 

16 


800 
200 

* 61* 000 
1.000 
8.000 
5.000 
2.000 
1.000 
7.000 


200 000 






iso'.ooo 

5 000 


Norway 






Great Britain. 


100 




7.000 


8.000.000 
800 000 


Belgium 


Prussia. 




80.000 
80.000 
60.000 
8.000 
90.000 






i*.5o6 

150 

50 


150000 


Ilarz 


6 








Saxouy. 




100 


7000 


Kest of Germany 

Austrian Empire. 

Switzerland 


"5.70t 


100.000 


500.000 


50 


8.800 


1.500 


225.000 
115.000 


France 




5.000 
125.000 










1.500 

80.0C0 

500 


600.000 


Spain 


**4. 


2^.000 


10 


500 

250 

600 

8.000 

&500 

14.000 

1 1.600 




40.000 


Italy 


25.000 


Africa. 


4.00i 
25.00( 
150.00( 
8.00v 
1.20C 
1.90G 
15.000 
6.000 
10.000 










S. Asia and E. Indies . . 






5.000 








Aastralla and Oceanica. 


8.000 
250.000 

lao.ooo 

800.000 

13.000 

700 

1.760.000 










(Jhile 












Bolivia. 


**2bb!oo6 


1 1.500 








Peru. 









Brazil .^777... 


















Mexico. 












Cuba... 






2.000 
8.500 








United States.. . .'. 


200.000 


22.000 


i.oob.666 




5.000 
60.550 


15.000 


1.000.000 






Total 


481.950 


2.965.200 


4.200.000 


13.660 


56.900 


188.000.5.819.000 









2. EKGIKEEBIKG AND ARCHITECTURE. 

The spheres of the engineer and the architect are so similar that we may 
conveniently bring under one head what we have to say of the uses to which 
they may apply geology. The engineer has to locate railroads, common 
roads, and canals, to tunnel mountains, to construct embankments, harbors, 
breakwaters, quays, and bridges. The architect selects the sites of public 
and private buildmgs ; and both must select materials for theur works. Their 
applications of geology, then, will fall under two heads — 1. Location of then: 
works. 2. The materials to be used in construction. 

1. Xocation. 

In the location of railroads, as well as of carriage roads, an engmeer fa- 
miliar with geology will be able often to prevent great losses and &ilures by 
a judicious selection of routesi The greatest danger lies in the loose or im- 
perfectly consolidated materials at the surface. Where there is an alternation 
of sand, gravel, and clay, especially if the strata are at all inclined, and deep 
cuts are made through them, slides will be apt to occur subsequently in very 
wet or very dry weather. He who knows all this beforehand can, by a va- 
riety of expedients, guard against such accidents, to which he who has never 
studied surface geology will be liable. 

The same difficulties meet the architect in selecting the site of large build- 
inga If he can find a little below the surface what is called hard pan, that 
is, gravel and sand more or less consolidated, he could not obtain a better 
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foandatioxL But tUis hard pan may have but little thickztetn and he under* 
laid by loose materiala, even bj quicksands. Its thickness, theEefbrCy shcmld 
be ascertained, and no building, bridge, or embankment placed upon It which 
trill be liable, bj its weight, to break through the stratum. 

Clay, especially such as occurs in alluyial ibrmatioBS, is one of the founda- 
tions most to be suspected. Por although Tery solid when dry, powerful 
rains will convert it into mortar ; or it may he underlaid byjUiat most ^p- 
pery of all foundations, quicksand, which, if a stream of water ^ould find 
access to it beneath the day, will be swept away with astoni^ing rapidity, 
uudermining, of course, the'fiuperincumbent structure., A case of this kind 
occurred ia £ast Hampton, Kassachuse^ ia the summer of 1860 ; when a 
fiictory, just erected by Hon. Samuel Williston, was injured in one n^ht to 
the amount of some $50,000. 

, But the engineer and ardiitect should, be acquainted With the solid strata 
beneath alluvium; not only with their nature, but their position, whether 
horizontal or inclined. For if inclined, the loose materials above will be very 
liable to slide do*^n, and therefore without due precaut^n.no. stmctiunes of 
great weight and importance^ whether^^nbankme^ts, quays, 4>rhoi»e8, should 
be placed upon them. 

The dip and strike of the strata, ad well as tiieir nature^ is^uld also be 
known to the engmecr, in laying out railroads and canals, on other accounts. 
To locate them on the line, of strike is the most unfavorable of all directions^ 
while the most £kvorable is to cross them at right angles. Still more impor> 
tant'are the dip iahd strike ia tunneling. To carrjT a tunnel through a hiU on 
the line of strike, or with the rock dipping from the workinan^ is most un- 
favorable, because the work must be done on the edges of the' strataL The' 
most favorable is where the drilling can be made cm the tiroad.&ce of the 
strata. The nature of the roek, too^ is very important Some formations 
have so littie coherence, that if a tunnel be made through tiiem, tb^ roof 
will fall in. Others are so hard, that it ia almost as ea^ to drill aodJl>last 
iron. This is especially true of the compact trap rocks and some varieties of 
porphyry. Cuttings through them are so 'Odstiy, that, if possible, they should 
be avoided ; though the tu&oeous traps are not difficult to blast. These 
trappean rocks are apt to 9ccur when least expected, and the engineer, be> 
fore he decides upon an extensive cutting or tunnel, ought to be ccmfident 
tliat he shall not unexpectedly encounter these hard materials. He oi:^ht to 
find out, if possible, also, where &ultd exist, ivhat strata are pervious or un- 
pervious to water, jmd where springs may be expected. 

The question as to the probable success of Ix^ug Artesian wells has he- 
come, at this day, one of great interest and imj)6rtance, and also oue of great 
difficulty, concemmg which the mo^t practiced geol<!>gist may t)e mistaken. 
Cert^n principles, however, are true in ^^p^ to such explorations. One 
is, that we can not expect success if the xmderlying rock in the regk>n is all 
unstratified,, nor unless, some ^tr^um pan be reaped whose outcrop rises 
higher than the surfepe of the well; that is, ^though water may be found, 
it will not rise to tiie surfoce. So if aU ^he strata are, equally pervious to 
water, no hydrbstaiic pressure will force it upw^^ 

2. Materials. 

For most common purposes of construction men are obliged to oas such 
materials as are easily accessible, though perhaps not the best The most 
viduable are often remote and co^ly. Some kinds of rocks, however, the 
world over, are always highly prized. Such are the marbles, gpianil^ por- 
pbyr^s^. serpentines^ alabasters, soapstoncs, etc The most vialuable.monuf 
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metits of antlqui^, that hare flumved tho ravages of time, were of this de- 
Bori{>tioii, and they are now used more extensively than ever. Analogous 
materials, however, of coarser kinds, answer well for common purposes ; and 
the engineer aud ardiitect must make the best selection they can out of ma- 
terials at hand, taking into account then: accessibility, cheapness, and dur- 
ability. 

The f^lowing are the rocks generally employed for the purposes of con- 
struction, roo&ng, and flagging, as well as for macadamizing roads : 1. Lime- 
stone. 2. .Sandstone. 3. Clay slate. 4. Micaceous and talcose schists. 5. 
Gneiss. 6. Soapstone. 7. Granite, syenite, and trap. 

Limestone is, upon the whole, the most important. Sometimes it Is simply 
carbonate of Umci or a double carbonate of lime and magnesia, called dolo- 
mite ; in both which states it forms beautifiil white marble, and is very en- 
during. In Philadelphia especially, and more or less in other Atlantic cities, * 
this white marble forms the fronts of houses ; and in the City Hall in New 
York, the entire edifice is mado of it The large pillars around Girard Col- 
lege in Philadelphia are of this stone, obtained from Sheffield, in Massachu- 
setts. It is less common in European cities, though tlie new Houses of Par- 
liament in London are built of dolomite; but it is scarcely crystalline, and 
comes from the permian formation. The oolite furnishes most of the best 
building stone in Great Britain, especially from tho famous qtiarrles in the 
I^e of Portland and near Bath. But this rock is entirely wanting in our 
eountry. Yet vast beds of tho white and gray, or variegated limestones of 
the azoic rocks, run along tho whole length of the Appalachian chain of 
mouatains from Canada to Alabama. Farther west the limestones take ar- 
gillaoeous matter into their composition and form admirable buUding stones, 
ad may be sem. m our western cities. 

The great amount of steatite, or soapstone, in the Appalachian chain of 
mountains, especially in New England, has led of late to its employment for 
the fronts of houses in New York and elsewhere. It has the advantages of 
being worked with great ease and of keeping free froni mosses and lichens, 
but itis not liapdsome, and is easily marred. 

Sandstones of various colors, hardness, and of different deg^es of fineness 
from th& tertiary to the azoic rocks, are widely employed in most countries. 
From the well-known quarries of Portland, in Connecticut, and near Newark, 
New Jersey, large quantities of thia rock are carried to almost every portion 
of the country accessible by water. This rock is red or gray, and belongs to 
the oolitic or triassic group. Other sandstones, from the palaeozoic rpcks, are 
extensively used in many parts of the country. Most of these sandstones 
are very enduring and beautifbL 

lu this country clay slate is used almost exclusively for roofing. But in 
the vicinity of some of the European slate quarries, as in Wales, it is em- 
pk>yed for the floors of houses,^ for doors, fences, troughs, coffins, and ahnost 
every thing, in fact, for whidi boards areuSed in other countries. 
. For flagging stones the most usual rocks employed in our country are dovo- 
luan gritstone and mica and hornblende schists. The beautiful mica schist of 
Bolton, in Connecticut, and the gritstone of the Hamilton gproup of rocks 
along Hudson Biver, furnish flagstones far a large part of the otties of this 
country. The first is perhaps the most beautifUl, but the latter the most en- 
during. 

In Great Britain gneias is hardly spoken of as a stone for construction, and 
hence we conclude Chat it is not used. But ui this country, especially in New 
England, it is one of the most valuable of all our rodcs. Composed of the 
same materials as granite, it is equally enduring, and it has the advantage of 
apUtting e9/^y in £e directk>n of the stratification, though there is some dif- 
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fleulty in hewtng it smoothly across the layers. The quarries of this rock hi 
New EDgtand are very numerous, and some of them furnish most beauti&l 
stone, much to be preferred to sandstone. 

Tho unstratified rocks are also described by English writers as '' not very 
o(ton employed in the construction of public edifices." Very different is the 
cose with us. Trap and porphyry are not, indeed, much used on account of 
the difficulty of bringing the blocks into-a regular shape, as they can only be 
broken, but not hewn. But granite and syenite are used almost evety^diere, 
if obtainable, and form the most solid and enduring of structures. The sy- 
onieic quarries tit Quincy and Gape Ann, in Massadiasetts, as well as those 
of pure white granite at Hallowell, in Maine, at Barre, in Vermont, at Chdms* 
ford and Fitchburg, in Masaachusetts, and many other places, furnish inex- 
haustible quantities, and in tho northern cities form a large part of the most 
imposing public as well as private buildings. Enormous blocks are some- 
times got out at these quarries to form solid columns of great size and length, 
as may be seen in seyeral public edifices in Boston and elsewhere. 

It is an important and difficult point to ascertain whether an entire rock wiB 
endure long exposure without d^ntegration. In Europe, where buildings 
from the quarries have stood for several centuries, this point can generally be 
determin^ But in this country we must resort to other means. The min- 
eral composition will give us some information, and in general the more per* 
fectly crystalline the rock, the less liable it is to disintegration, though there 
are some exceptions. A better test is to examine ledges that have been for 
ages exposed to atmospheric agencies, and observe the amount of erosion. 
A method of testing the influenoa <^ dampness and firost by the use of a boil- 
ing solution of Glauber's salts is said to afford good results in a short time. 
The details, which we have not loom to give, may be found in Ansted's 
Geology, vol ii., p. 458. 

3, AORICULTiniAL OSOLOGT. 

The first inquiry in Agricultural QeoLogy ia, what is the compOAlio& of good 
soils? 

The matter in all soils capable of sustaining vegetation exists in two forms, 
inorganic and oi^ganic The first contains twelve chemical elements, viz., 
oxygen, sulphur, phosphorus, carbon, silicon, and the metals potassium, so- 
dium, calcium, aluminum, magnesium, iron, and manganese. In the organic 
part the elements are fotir: oxygen, hydrogen, carbon, and nitrogen. The 
inorganic elements are derived fi^om the rocks ; the organic elements fit)m 
decaying animal and vegetable matter. So that it is with the earthy constit- 
uents of soils that geology has to do. The above-named ought all to be pres- 
ent. They do not mdeed occur in their simple state, but as water, sulphates, 
phosphates, carbonic acid, silicates of potas»^ soda, lime, magnesia, alumina, 
iron, etc The average amount of silicates or sand in soil is 89 in 100 parts. 

The second inquu*y is, whether these elements of the soil are found in the 
rocks. In the table of .their analysis given on page 93, it will be seen that 
they are all present except phosphorus, which, however, is not unfrequently 
found in them in the condition of phosphates. Moreover, tho proportion of 
the ingredients in the rocks does not differ much from that of the soils. Hence 
the condusion is, that the latter are only the former comminuted, with the 
addition of from throe to ten per cent of organic matter. 

Since the rocks differ consideral^y in composition, we should expect a cor- 
responding difference in the soils derived from them. And such is the fact 
to a considerable extent where the soil is simply the result of tho disintegra- 
tion of the rock beneath it. It is enough so in many districts t^ form char- 
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aetenstio soils. Thus over quartz rocks and some sandstones we find a rery 
sand/ and barren soil, though it is said tliat in nearly all soils enough silicates 
of lime and magnesia are present to answer all the purposes of vegetation. 
But the alkalies and phosphates may be absent When the rock is limestone, 
the soil is sometimes quite barren for the want of other ingredients, and in 
consequence of the difficulty of decomposition. Clay, also, may form a soil too 
tenacious and cold.. The sandstones, that contain marly beds, and some of 
the tertiary rocks of analogous character, form excellent soils. So does clay 
slate, and especially calciferous mica schist The amount of potash and soda 
in gneiss and granite oiten makes a rich, soil from those rocks, and the trap 
rodcs form a fertile though scanty soiL ' 

But^ in the third place, in most countries aqueous and glacial agencies 
have so mixed the seals together that their origiual pec4iliarities are k^ and 
new and compound characters are given them. Tills is particularly the case^ 
in northern countries, where the drift agency has swept over the sur&ce and 
torn off and mixed together the disintegrated portions of the several forma- 
tions. Subsequently rains and streams have carried tlie finer portions of the 
drift into the lowest places, and there formed alluvial meadows ; and although 
Uiese are usually the best of soils, they are often derived from many differ- 
ent rocks. The drift left upon the hi^er grounds is generally quite barren, 
chiefly because of its coarseness. 

A fourth service which the geologist renders to agriculture is by the dis^ 
oovery of fertilizers. Sometimes he can point out deposits of the phosphates 
either in a crystalline state, or as coprolites or guana He can also show 
what rocks contain carbonate of lime, or discover sulphate of lime, or marl 
bed^ or green sand, or decomposing fossil shells, or deposits of carbonaceous 
matter. He can also find what rocks contain enough of potash or soda to 
be of service when pulverized. 

The subject of drainage, as well as the discovery of springs of water and 
the best means of bringing it to the surfooe, belong to Agriooltoral QMLogy ; 
. but our limits do not tS\o\r ua to enter upon the 4etail& 



PART V. 

KORTH AMEBIOA^C GEOLOGY. 

Tb« bistoTf of AjDoicaii Geology commeiioefl with tiie {^resent centtirf. 
A few ooUectioDS of minersla and rocks senred as the nud^aiarociBd which 
the interest of the public grsdoaUy accomolated. The first attempt at ex- 
ploratioB was commeooed bj William Madure in 1801, who pablished a geo* 
logioAl map of the States then in the Union, giving the old Wemerian classi* 
fication of the rocks. Great service has been rend^^ to American geol^ 
by the American Joumtd <rf Sdenee a,nd Ai% commenced \jf Professor SiUi* 
man. Senior, in 1818, and continued to this day as the ablest American 
scientific journal 

An important feature in the history of American geology is the numerous 
geological surveys that have been executed, or are still in progress, under 
the patronage and direction of the different State auUiorities, as well as the 
United Stated government The leading object of these surveys is to develop 
those mineral oesouroes of the country that are of economi<^ value. But, 
with a commendable liberality, the lefpslatures have enoouraged accurate re- 
searches: into the scientific gec^ogy, awl sometimes idso into the botany and 
Bocdogy of their several States. 

The first survey authorized by the government of a State was that of 
North Carolina, which was committed to Professor Deoiaon Ohasted in 1824. 
Two sbmU pamphlets embodied i^ lesuks. A year or two later, Professor 
Tanuxem W4M commissioned to explore the geology of South: Carolina, but 
its results were published only in the newspapers. 

Massadiusetts, in 1830, commenced a geological survey of its territory upon 
a more extensive scale, under the direction of the senior author of this work. 
The first report was made in 1832, a pamphlet of seventy pages. In 1833 a 
full report vras made, of 702 pages, with an atlas of plates and a geological 
map ; and in 1841 a final Report of 831 quarto pages, with fifty-five plates. 
Within ten years the example of Massachusetts was ft^owed by fifteen other 
States. Nearly every State and Territory in the Union, at the present date 
(1860X has been more or less explored, or is now conducting a survey. 

The survey oCNew York was commenced in 1836, and hu been conducted 
upon the most liberal principles. Nearly twenty large quarto volumes have 
been published by her legislative authority upon all the branches of Natural 
History, including agriculture, at an expense of half a million dollars. In 
oonsequenoe of these accurate researches, the rocks of New York are dassio 
ground for American geologists ; and the names employed by the New York 
geologists, though derived from localities within the State, are applied to con- 
temporaneous deposits over the whole continent 

These Reports relate chiefiy to the Silurian and Devonian Systems. The 
• magnificent Report of Professor H. D. Rogers upon the Carbonifmous Sys- 
tem of Pennsylvania, has laid a foundation for describing all NcHth American 
coal fields. The New England and Canada Reports describe the azoio rocks 
more particularly. Morton has given a system to the cretaceous, and Conrad 
to the tertiary deposits of the country. 

Besides the State surveys, scientific societies and associations in the princi* 
p^ cities have done much toward the dev^pment of our Natural £&tory. 
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Th« Academy of Natural Sciences at Philadelphia, the Lycemn of Kataral 
History of New York, tiie American Academy of Arts and Sciences, and the 
Society of Natural History in Boston, are prominent among them. The 
American Association for the Advancement of Science is an organization in- 
cluding members from all parts of the country, and meets annually in dif- 
ferent places. It was originally an A^ciation of American Geologists, Then 
it included all the ITaturalists, and intimately, in 1847, was enlarged so as to 
admit all sciences, and received its present name. 

Nor should we neglect to mention those Cabinets of Greology and Natural 
History which begin to compare favorably with those of Europe. The largest 
doUcctioDS may be found in Uie Academy of Natural Sciences at Philadelphia, 
the State Collection at Albany, N. Y., that of the Boston Natural History 
Society, the collection of the Canada Survey at Montreal, the Cabinet of the 
Smithsonian Institution at Washington, and that of the New York Lyceum 
of Natural History. A magnificent museum of Pateontotogy and Zoology 
is commenced at Cambridge. Among the Colleges, the most extensive Cabi- 
nets are those at Amherst and Yale. These tnuseums are thronged with 
visitors. For example, the register of the Cabinet at Amherst shows that 
ibe collections are visited by 15,000 peopla annually. 

GEOLOGICAL MAP OF NORTH AMERICA. 

Accompanying this section, we present a small map of the geology of 
North America, compiled from the most reliable sources. Owing to its small 
size^ only the more general classes of rocks can be represented. There are 
six distinctions upon it : 1, Azoic rocks ; 2, Palaeozoic rocks, including all the 
formations between tlie Cambrian and Permian series, except a part of the 
Carboniferous series ; 3, that part of the Carboniferous series which is under- 
laid by valuable beds of coal ; 4, Mesozoio rocks ; 5, Camozoic rocks ; and 
6, Igneous rocks, sudi as have been erupted since the commencement of tiig 
Triple period. 

A general division of the geology of North America is into three great 
foflsiliferous basins resting upon azoic rocks. The first is the Arctic basing 
oocupying the greater part of the islands and peninsulas within the Arctio 
circle. Siis may be connected with the other basins. The second may be 
called the Hudson^s Bay basin^ because it is chiefly developed about Hudson'^ 
Bay. The third is the g^reat CorUinerUal basin of the interior. The last is 
the one best known. 

The Arctks basin has been explored by Arctic voyagers. An excellent 
map of it is given in McClintock's Narrative of the Expedition in search of 
Sir John Franklin. Silurian, carboniferous, and.mesozoic rocks are found 
there. The Hudson^s Bay basin is composed entirely of palaeozoic rocks, so 
for as ai^ thing is known concerning it. The Continental basin embraces 
fosailiferous rodcs of every age, from the Cambrian to the latest Cainozoic 

The form of the continent is that of a great triangular basin, as described 
in Section Y., Part I. The mountainous regions correspond very nearly with 
the areas occupied by the azoic rocks, except that along the Pacmc coast they 
are mostly covered by cretaceous and tertiary strata — the latter constituting 
most of the summits of the Rocky Mountains. It corresponds also with the 
views already stated, to find that the igneous rocks are generally located near 
the oceans. 

The Rocky Mountains belong to the kmgest chain of mountains upon the 
globe, and, with one exception, the highest Commencing in the extreme 
southern part of South America, it extends through the whole length of that 
co^itineatal area) under the name of AJides or Cordilleras. On the Isthmus 
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of PaiiMBa it liiiki into a eomptmJivnAy low nd^e^ bat rises into tke^ table 
lands of GuateniAla, Mexioo, and the ridges and plateaux of tho wostem 
United States and British Americai quite to the Nortbem Ocean. 

The whole of the interior of North America may be regarded as a rast 
plateaOi gradoaUj passing into the Appalachian ranges upon the east, and the 
elevated table lands upon the west; but gradually desoei^ding to the Northern 
Ocean and the Mexicaa Gul^ finom a water shed in the middld of the eonti- 
nent. 

AZOIC BOCKS. 

The azoic rocks are represented on the mi^ by those areas which are eor- 
ered by small crosses. They embrace all the crystalline and unfijSBaifepoos 
zoeks of OTeiy age, but chiefly the hypozoic or Laurentian groups. They 
are gneiss^ mica schist, taloose schist, quartz rock, day slate, saccharoid asoic 
limestone, g^ranite, syenite, and the ancient porphyries. 

Laurentian System. — On the north shore of the St. Lawrence there are two 
ranges of mountains running parallel to the river ; one at the distance of fif- 
teen or twenty miles, and the other 200 miles distant Here are the Lau- 
rentine Mountains, fiom whence the r\ixm& wg^ derivod. Tbs nj^tem extends 
from the shores of the Arctic Ocean, passing ro'jnd the Hudson e Bay pdv- 
ozoio rocks, including the LaurentmGH, a.Dd occupjitig the eaatom shores 
of the continent, to the north of the St Lawreoce. Greenland^ Grmnc^ll 
Land, and other islands to the norths ar^ supposed to be of the same age. 
The qpace thus occupied has the form oftb^ letter ¥. 

The other deposits of this age, east of the Eockj Mountain rang^ am mostly 
insulated. In the northern part of New Y^tk tbe AdirondAc$ beloDg- to thia 
system, and are hardly separated firom the Laurentines north of the Bt, Law- 
rence. Another is<4ated area of these azoie rocks i^ in Kortbem Michigan. 
In New York they are composed chieflj of Labradorite a^d hypeistbene rock. 
Of the same age are the Ozark Mouritaliis iu Missouri, the Washita Hlik, . 
south of the Arkansas River, the Wldtchiu MoudUllus ia Northern Texi^ 
and other eminences in Central Texas, 

The asok; rocks of Russian Americ'i) which extend uuidterruptedly as fkr - 
as Mexico, are supposed to be Laurentian^ although ^naJo^j ^ould }^&d ^i^ 
to suppose that many of them are of pal^^ozoic age. Two or t hre^ ioteimpted 
ranges^ with a few isolated patches of these a^oic; rockSip are r«preseatiKl along . 
this region, extending into Mexica The some rocks oc^py the Bonthern • 
part of Mexioo and most of the larger islands of Uiq West Indies* 

The Laurentian rocks contain large mas^e^ of rna^etie iron ore. Thoie 
in Missouri are among the largest oa lite globei They are connected wittt 
porphyry, and are separated from motaLliferuua llmeatones by a deposit of 
granite with trap dyt^ six miles iq width. Pilot Snob, whidi risas 600 
»et, is partly, and the Iron Mountain, 300 feet higb and two miles in circum^ 
Ibrence, is entirely composed of this ore. Vast deposits of imn ore e^ist r 
slso in the northern parts of New Tork. Many rdua^blo gems are ibond iu 
tiiese rocks. 

AfBoic Rocks of Utter Age, — As yet, the only rodcs of the age of the Gam- 
Iffian discovered in this country are the azoic rocks about Lake Huron; 
These have already been described. The latest researches render itprobi^e 
that most, if not all of the azoic nkks of New ^England and the firitisfa Pror- 
inces, which are continued along the eastern coast of the cbntinent to Ala- 
bama, are of pakeozotc age. 

There are two metbods employed to prove that the Appalachian asoic rocks 
are palaeozoic. I. The northern extremity of the ranges graduallj merge 
into the unaltered Silurian and derohian members, for example^ ft range 
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of mica dcbi^ in Connecticut becomes caJdferous in Yermont, and jtnt pver 
the Vermont and Canada line, Favosites Grothlandica, and other Silurian foe- 
idla, are found in it 2. Oryst^dline schists both overlie and are interstratified 
with fossiltferbus deposits. For example, there is a belt of Upper Helderberg 
limestone underlying the talcose schist of western New England, in the north- 
em part of Termont — ^and in such a way as precludes the idea of inversion. 
It was this phenomenon of the interstratification of these two kinds of rock 
tiiat first unsettled the old ideas of geologists in regard to azoic rocks. 

The Professors Rogers suppose that the eastern part of the azoic rocks of 
the AfOMdachian range are bypozoic, and that a part of the western border 
is Cambrian. 

laconic Bocks.- — ^Along the western border of the azoic ranges jnst de- 
scribed, there is a succession of thick depoats, partially metamorphosed, 
which J?rofes8or Emmons. has grouped under the name of Ihconic System. 
They consist of quartz rock, limestones, dolomites, marbles, imperfect talcose 
and micaceous schists, and day slate. They may be found along nearly all 
the Appalachian range, and, according to Professor Emmons, a]£K> upon its 
eastern side in Maine, Rhode Island, and North Carolina. . 

Professor H. D. Rogers has described these rocks in Pennsylvania as Lower 
Silurian. The quartz rock he calls Potsdam or Primal Sandstone, the lime* 
stones tke Auroral or Lower Silurian Limestones of New York; the sdusts 
and slates as the Hudson River Q>roup, or Matinal Shales. 

The authors of this book have been examining these rocks as they are de» 
veloped in Vermont, and take the following positions, the details of which 
are not yet published : 1. Some of the slates in a few localities, pronounced 
Taconio by Professor Emmons,, belong to the Hudson River group of New 
York. 2. The remainder, including the typical localities, are of Upper Si- 
lurian and Devonian age. 3. The slates and schists are at least as high as 
Upper Silurian, overlying the Oneida conglomerate. As they so mudi re* 
semble the Hudson River group, and are the rocks fh>m which the name is 
derived for the Lower Silurian member, the name Upper Sudson River Group 
may be assigned to them. 4. Some of the lunestones contain fossils, impa- 
rentlj identical with certain Bevonian forms. Hence they are regarded as 
Devonian; and as, the place in that series is yet uncertam, the name Dorset 
Limestone may be applied to the group, from Dorset Mountain in Yeiamat^ 
Vh^re the whole series is beautifully developed. 6. The quartz rode, being 
fHssQdated with the Dorset lunestone, must, be newer than Lower Silurian, 

SILUBIAN BTSTElff. 

During the hypozoic period, and at its dose, the strfvta were disturbed by 
ibices of devation, so that the more elevated parts assiuned a V form, as in 
the northern part of the continent, and there were several islands in the south- 
ern part, The Cambrian period seems to have been one of general inac- 
tivity; but strata were deposited unconformablyT;poatbe older rocks about 
Lake Huron. 

imoer SMricm,^—The Huponiaa rocka were also devatod b&fore the depo- 
sition of the Silurian, as is seen at Lake Huron. The Urgt positivo evidenced 
of the introduction of life in North Amefic^i are foimd in tbo Potsdam sand- 
stone. In Kew York the Low^r Silurian h divided into the Fotadam sand- 
Stone and caldforous sandrock^ wluch form a sep^irata group bj their structural 
and pal^eontolbgical affinities, which may be c^Ui^d tha Fottdam Qroup ; Ibo 
Cht^y limestone, Birdseye llmeatone, BUck River liroo^toaQ^ aad Trenton 
limestone, or the Trenton Qroap ^ the Utica ^late and Hudson River group, 
both of whidi may be termed the Mudson Group, 
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Tbem members are distributed orer most of the oon^nenty nd may gmer- 
flBy be reoognized by tolerably constant ]ith<dogical characters. The hme- 
Btones in the Western States are often magnesian, instead of the simple car- 
bonate of lime. The Hudson River rocks are the most variable. Typically, 
they are slates, with a few strata of conglomerate and limestone, or doioinite. 
In Canada^ besides the alates there are great accnmnlations of oongiomerates 
and sandstones, often ccmposed of pebbles of limestone, imd called provin- 
cially the Quebec Group. In Ohio and other Western States, the whole series 
is changed into the blueor Galena limestone. 

Along the eastern coast north of Capo Cod, and as far' as Nova Scotia, 
Tarioos slates occasionally occor containing the Paradoandes Marlani, which 
is at the base of the Silurian system in Eurc^. These slates are supposed to 
be of the same age as the Potsdam sandstone. 

The Lower SUurian rocks are not distinguished upon the map, but their 
general position is at the edges of the palaeozoic rocks, contiguous to the old- 
est azoic rocks. Often, as in northern New Yori^ they encircle an insulated 
portkm Qf the older groups. 

Upper SUurian. — ^The Lower Silurian periods were closed by a revolution 
or disturbance of the strata, so that in some localities, as at Gaspe, in the 
Gulf of St Lawrence, the Upper Silurian strata rest unconfimnably upon the 
Lower Silurian. 

Tliere are three periods in this system of rocks. The first embraces the 
Oneida conglomerate and the Medina sandstcme, formations quite variable in 
composition and thk;kness. The local name of SiUery sandstones has been 
applied to the Oneida conglomerate in Canada, where it attains a thickness 
of 4,000 feet As the range passes through Vermont, it becomes by turns 
silicious and calcareous, ordolomitic, and is exceedingly variable in thickness. 
A mere knife-edge thickness of limestone may suddenly expand into 100 feet 
within the distance of a mile. The range continues in this erratic way along 
the whole Alleghany range, and, in conjunction with the Medina sandstone, 
k found flrom western NewTork to Wisconsin, through Canada West 

While a somewhat turbulent agency was depositmg this curious rock within 
the continent, at its border, near the mouth of the St Lawrence there was 
a quiet accumtilation of lunestones, imder conditions suitaUe to the dev^op- 
ment of life. As the lithological characters are so distinct, the group, which 
consists of six divisions, embracing the equivalents of the upper part of the 
Hudson River group, the Oneida conglomerate, Medina sandstone, and tl» 
Clinton group, has received a distinct name, the AnHcosH Group. 

The first period embraces besides the conglomerates, and having the same 
general geographical distribution, the Clinton and Niagara groi^>8, consisting 
of alternate layers of shales and limestones. They are qmte productive in 
interesting forms of life. 

There is also a belt of Niagara Umestone in Canada, rtmning dOwn to 
Memphremagog Lake, which seems to pass into calciferous mica schist, an 
azoic rock lying east of the Green Mountain range. 

The second great period of these upper rocks embraces only the Onond^a 
salt group, a series of limestones and shales 1,000 feet thick. Its develop- 
ment is leas extensive than the preceding groups. 

Tlie third great period is now called the Lower Hdderberg group^ embracing 
the following earlier divisions : Pentamerus limestone, Delthyris shaly lime- 
stone, Encrinal limestone, and the Upper Ponent series. Tliese rocks are 
distributed in general conformity with the Niagara group west of Canada 
East 

Mineral Deposits. — ^There are some r^naricable mineral deposits in. the Si- 
lurian rodcs. In the Northwestern States there occurs one of the most re« 
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tnarkable deposits of lead in the world, in the Hudson Kiyer group. It covers 
3,000 square miles, chiefly ia WisconsiD, but found also in Iowa and Illinois. 
The greatest amount of lead produced from it in any one year was 315,700 
tons. 

CJopper is abundant in the same vicinity ; but especially about Lake Su- 
p«rror, in Potsdam sandstone. Masses of native copper have been uncovered 
there wei^zrhing fifty tons; and bowlders from the lodes are scattered over 
.an area of several thousand square miles. 

Tho salt springs of the United States issue invariably from the silurian 
rocks. 

Probably all the gold in the United States, both along the eastern and 
western sl¥>res, ia located in metamorphic rocks of Silurian or Devonian age. 
Along the Appalachian ranges it has been found all thewayirom Canada 
East to Alabama^ being particularly abundant in North Carolina. The Cali- 
fornia deposits are the most extensive in tho world. 
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The formations of the Devonian system are ten in number in New York, 
which may be arranged, by structural resemblances, into five groups. 

The Oriaikany Group embraces the Oriskany sandstone and the Cocktail 
grit The group extends from southern New York southwesterly to Ten- 
nessee, and westerly about 300 miles. The upper part is characterized by a 
fucold resembling the tail of a cock, whence its name. 
. . The Upper Helderberg group embraces the Scoharie grit and the Upper 
Helderberg limestone, or, as at first divided, the Comiferous and Onondaga 
limestones. The limestones of this group are widely developed through the 
Appalachian chain south of Hudson River, and westward, both in the United 
States and Canada, as far as the palseozoic rocks have been explored. It is 
also represented in the Dorset limestone of New England, a belt of lime- 
stone in Northern Vermont east of the Green Mountains, and probably at 
Bernardston, in the northern part of Massachusetts, upon Connecticut Biver. 
It is the lowest rock in North America which contains ichthyolites. 

The three remaining groups are mostly sandstones and shales. The Bam- 
iUon division embraces the Marcellus shales, Hamilton group, and Gcnessee 
slate. This division is best developed in the Appalachian chain in Pennsyl- 
vania and Virginia, thinning out gradually between the Hudson and Mis- 
sissippi Rivers. The Hamilton group in Iowa is mostly calcareous, contam« 
ing many interestmg fossils. 

The fourth group embraces the Chemung and Portage rocks of New York. 
Erom New York they extend southwesterly to Tennessee. In Ohio tliey 
have received the provincial name of Waverly sandstone. Farther west and 
north their equivalents have not been ascertained. 

The fifth group is the Catskill red sandstone, lithologicaUy the old red sand- 
fitone of Europe. This is principally developed in New York and Pennsyl- 
vania, so ^ as its equivalency has been determined. 

Devonian rocks are found in Eastern Massachusetts, Maine, Canada East, 
and in the more northern parts of the continent, but their equivalency with 
the deposits already specified has not been determined. 

Prom the study of the ^urian and Devonian systems the following con- 
clusions have been reached : 1. Until we reach the Genesee slate, all the 
organic remains found in these two great systems are marine. Here the first 
land plants are found. The/orTTwUwww appear to have been deposited sue- 
ceaslv^y near the shore of the palsaozoio ocean, for beside^ th^ fpa^ii^ np|>)e 
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marks and shrinkage cracks occur, even in some of the Bmestones. 3. The 
lodcs are thickest near the borders of the oootiDeDt& This is ceria^ re- 
specting tiie eastern side, and probable respecting^ the western. S.-Tke reeks 
of the east coast are mostly silicious — shales, sandstones, or their altered 
forms : those of the interior are mostiy^ csdcareoos. 4. The ou^ne of the 
futnre continent is strongly marked at the dose of the Devonian periods. 
The Appalachian, and pertmps the Rocky Moontain ranges, fbrrn hmg sand 
reefs, hemming in more or less perfectly an interior sea^ co^^ng uSi area 
now occupied by the Mississippi and its branches. At tixe BaxD» tim» the two 
other smaller northern basins receiyed their outline. 
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The best classification of the Car^Nmifbrous STstem is that adopted by the 
Professors Bogers. They divide into the Yespertine^ Umbral, and Soral se- 
ries^ or the Lower Carboniferous, Middle Carboniferous, and Goal Measures. 
The lowest cBvi^on consists of sandstones and conglomerates^ with dark- 
colored slates sometimes containing beds of coal. This diyision is most 
abundantly developed upon the eastern side of the AppflHaobian basin, 
sometimes being entirely wanting elsewhere. In Ohio it constitutes the up^ 
per portion of the Waverly sandi^one^ and in Tennessee it is a bc^nstone and 
umestone. 

The Middle Carboniferous strata are quite TariaMe in composttibiL la 
Nova Scotisi etc^ they are red shaleay sandstones^ and various maris. In 
Pennsylvania they are red shales, associated ferther south with a bed of Bmor 
stone, which continues fo increase in thickness southward. TheSe strata are 
nearly all lunestone in the Western States^ where they are thicker than in tho 
eastern coal flelda 

In the true Coal Measures the rocks are sandstones^' conglocneraies^ riiales, 
limestones^ and beds of coaL SoiUe have traced resemblances between some 
Of the con^omerates and the millstone grit of Eng^d. Upon the map the 
area covered by this division is represented as perfectly black. Coal fidda 
are represented in the islands of the Ajictic Ocean, in Kewfeundland, New 
Brunswick, Nova Scotia, New England, the Appalachian Basin, in Michigan, 
Illinois^ lowa^ Missouri, and Texas. The amount of coal is almost inex- 
haustible, ' 

In Iowa the Carixmiferoas system is divided as follows: Buriingtoh Hrte- 
stone^ Eleokuk limestone, St 'Louis limestone, ^ELakaskia limestone, and Coal 
Measures. These members are remarkably prolific with beaotiiul remains 
of radiate animals. 

Fermian Series, — Until recently the existence of Permian strata in the 
United States was unknown. Professor Emmons first announced that the 
fossUs of the red sandstones of North Carolina corresponded with known 
Permian types. These fossils were plants and Thecodonlb saurians. If this 
position can be settled, then at least the lower part of the Mesezokf cott* 
glomerates east of the Appalachian range are Permian. 

Some geologists doubt ttie correctness of tiiis view. But every one admits 
the discoveries of Messrs, Hawn, Swallow, Meek, and Hayden in Kansas, etc, 
to be genuine. These gentlemen have established the Permian character of 
many deposits in Kansas, Nebfaska, and Illinois, which were at first con- 
founded with the Coal Measures, There is an ezcefient development of 
these rocks at Leavenworth, in Kansas. They are 861 feet thidc, and have 
been divided into Upper and Lower Permian. About 100 speoies <£ foesila 
have been collected and described finom these strata. 
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< Scibseit]pieii% to the deposHabn t>f the Cdsl ICeasor^ snd {(reviotidjr to.tbe 
production of the Appalachian ilesozoic strata^ the numerous {dications in 
the. Appal|ichii»L ranges were. produced^= The time, of {dicatioh is known hy 
the: &ct that there are .^alds in the .Upper Carboniferous strata, andr none in 
the later rocks. Trunks of carboniferouatreea, originaUy upright, are inclined 
at various togles, aooDi^dihg to the amount of didocation. 

InasmQoh as fissures would be produced during these, disturbances, through 
. which heat would escape from the interior and penetraite through all portions 
of the 8U^t% perht^ in connectk)tt with water and other essential agents of 
alteration, we may; suppose that the azoic rooks along the Atlantic coast 
were metamorphosed ^nring. the time of these disturbances, or the Permian 
period. In the absence of any evidence, we miay conjectmre that a large part 
of the iaasoio strata forming the basis of the Bocky Mountain ranges were meta^ 
niorphosed during the same period. But there is evidence to show tiiat 
R^okcr vre undeiigoing rapid alteration on the Pacific coast still later, even 
durmg the. AUu^ period^ as the action of heat is veiy great there at the 
present di^. Xhemetamorphism of these palaeozoic roel^ along the coasts 
must not be confounded with the alteration of the Laurentian series, for the 
latter were elevated and metamorphosed previous to the deposition of the 
Potpdam sandstone. 

At th^ctose of the Paleozoic periods the form of the xjontinent resembled 
its present shape, but the amount of land above the ocean covered only 
about two thirds of its present sur&ce. Yet the general continental fea* 
tures^ the mountains and plains^ were the asime as now. 
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The older Mesozoic rocks are included upon the map with the Oretaoeous 
groups, which are the most abundant,, the former occupying comparatively 
fittle space. In the eastern British Provinces, New Brunswick and ](^ova 
Scotia, we first find the Ted sandstones; conglomerates, and shales of Mesozoic 
age. They are next admirably developed in the valley of Connecticut River 
in Massachusetts and Connecticut, where the Qiost remarkable fossils, the 
Iclmites, have been discovered* The dip of the rocks in this terram is almost 
invariably to the east.. 

In going south of Hudson Elver the same rocks are ibund in several 
basins, all dippmg to the west The series appears first in New Jersey, 
where it forms a wide belt southeast of the Hi^lilands. Thence it passes 
through Penxwylvania, fix)m Bucks to York counties; thence into Fred- 
erick county, in Maryland; thence into Yirginia. Throughout the whole 
extent of this deposit, from Kovd Sooti^ to Yirginiaj ores of copper, bitumin- 
ous shales and limestones, and protruding masses of greenst<5ne, are assor 
elated with it. In Yirginia the deposit appears to be eminently calcareous ; 
and one of its lowest beds is the welUknown brece^ted Potomac marble. In 
North Carolina there is another basin, somewhat irregular in its shape, 160 
miles long^ from Tar River to Wateree Biv^f. Here the strata ^Iso dip west 
This is the basin examined by Professor Emmons. . . 

Several characteristic fossils of the lias were found by Captain McClintock 
In the Arctic basin^ The, extent x>f the sti^ta containing them was not as- 
certained, and hence they are not represented upon our map. 

There has been, and still is a great variety, of opmions expressed in regard 
to the age of these sandstones, it being generally assumed, perhaps incorrectly,, 
that all the terrains are precisely contemporaneous. The older geologists 
(MacAuiQ^ Eaton, SiUiman, and Cleveland) regarded those in the Connecticut^ 
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vinej M old led BuMtenft. In 1833 fbe senioC' an&or of ttaa work, in his 
Beport on the Ge^ogj of MMwrlm rtte, presented arguments to show that 
the upper beds w»e the eqmTslentB of tiie new red sandstone; and that 
ophiion was geoaaUj adopted in thiscoontrf and in Sorope i^ler thej had 
been examined by Sir Gbiries LjelL 

Professor W. B. Bogeo sobsequentlT- maintamed that the sandstone con^ 
taining beds of workable coal near Kidimond, Virginia, an isolated depodt^ 
was of the age of the Eurc^iean Oolite. The fossils relied on to pro^e th& are 
species of planti^ riz., y^ites, Galamites, Sqoiaeta^ Taeniopteris^ Peoopteris 
Whitbjrensis, Posidonia^-^ spedesof moUnso— and several ^Ishea^ as a Tetrap 
gonc^episL B. Hitchoodc, Jr^ has discovered a tzee fern near the middle <^ 
the aeries in Mnwn ImiifitlH, the CbOirvpiens reditucuius, some spedmeos of 
which can with diflBcnlty be distinguidied fromtiie Ear(^>ean species G. moi- 
Jsooides a characteristic fowl of the beds of passage between the Tiiss and 
Lias. Henoe he argues that the idmiferoos or upper beds of the series are 
Jvaasio or Oolttia ProCbssor Emmcws has discovered, in Horth Oarolina^ 
species of plants and Thecodont SaorianS) whidi, with several Sait)^>ean au- 
thorities, he reg^Brds asdistinctlx Permian. ProfesBor Agaswas consid^s the 
iohthyolites of New England and New Jersey, occurring in these locla in 
connection with the ichnites^ as corresponding besi^ by Iheir stractnre^ with 
European specimens from the Upper Trias. I^ Messrs. Bedfield ind some 
traces of Oolitic stru c Uire among the fishes. The heteroditic finms of the 
Xithichnosoa correspond best with the bizarre ferms of the Oolite. 

From these discoveries and opinions we regard one pcxnt as settled, and a 
second as rendered probable. 1. A belt of rode, occopying the middle por- 
tions of the Ck>nnecticat Biver sandstone, below which no tradn are foond. 
Is of Upper Triaasic age.^ The ichniferoos strata above are either liassie or 
Oditia 2. Probably the whde series of rocks, from the Permian to the 
Oolite indosive, are represented in these strata. The strata are at least 5,000 
feet tiiick in Kassachnsetts, and this is adeqnate to embrace the whde, so fer 
as they have been measored in other countries. 

In connection with pabeosoic and cretaceous rodra in Kansas and Ne- 
braska certain rocks have been described, whidi, upon carefnl examination, 
■tay prove to be Triassic or Jurassic. 

These diffinent baaios of dder Mesosoic rode were probably formed in es- 
tuaries ; or, as the Professors Bogers tnamtain, in some of the basins Hiere 
may have been large rivers, depositing the matiniala in their beds, without any 
marine depoatSL The physical featmes of ^e continent were being perfected 
while these d^[)oeits were forming. The lower layers have a higher inclina- 
tion than the upper, amounting to absolute unconfermability in some parts of 
the basin along the Connecticut Biver valley. If the lower be Permian or 
P^Unosoie, and the upper Triaasic or Oolitic^ we should expect such a d^fep> 
enoeof dip. 

CRBTACKOUS SYSTEM. 

The varieties of rodcs composing this system, and the comparison of the 
different members in the different parts of the continent, are treated of in 
Section IIL of Part L 

The Cretaceous system occupies mcnre territory, perhiqpa, than any oi^het 
system in North America. It probably commenoes as far east as Nantudcet 
and Martha's Vineyard, and extends continuously from New Jersey ala^ 
the Atlantic coast to Mexico, and then covers nearly one thhd of ibe width 
of the continent, from near llie Golf of Mejdoo to British America, with oe- 
««sional intem^>tion8 of dder <^ newer strata. Along the Atiantie seaboard 
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lk:£s iiot tepr^SlMntlni.Qpicm the )>ecajase thia greater part is (Borered by 

tertia]7..4^K)!sit8, but may be occsuiionallj obsetved in deep exeaTations. 
ti^ora is sdooe uneertaintj respectiDg the northwestern limit ^ this cistern, 
batitrisnadombtofas much extent as is indicated upon the map. Other 
Oretaceooa beds are marked upon the. map in Yucatan, Mexico, and the north 
part of Sautik America. Dr. J. Sr Newbury^ United States Gecdogist, who 
has just x«tnmed (I860) from exploring the San Juan and Upper €dorado 
B^ers^ m Utah and New Mexico, found tive .Cretaceous system there 4^000 
feet thidc;: aiid: ^:ocoui^ing an immense area West of the mam divide of the 
Eocdcy M<*aDtama." 

JUx)ut:lCI^ species of shells have been disoovered in tiiis system, of which 
twenl^ffiror per eent. are identical wi^ European forms. Several interesting 
forms of vertebrate life have been discovered, as tYi& Madrosawrut in New Jeiv 
s^^^r^-anrsnimal rraembling tiier Iguanodon <^ England. 
. Thei area foccupied by the Mesossoic upon the map, shows what were the 
outlines of North America in the Cretaceous: period. l]he Atlantic coast was 
at the western margin of :this:gr(mp^ and the Q-u^of Mexico extended even 
into British America, covering the cretaceous rocks. A part of the Rocky 
Mountaihawas .also beneath the water, as some of their summits contain 
marine shells of Cretaceous age. Yet the interior ocean ^ay^ have been 
idiallQw; and Ithusuthe tsmtinental area have been substantially the same as 
at.:pres6nt. ,■■:::::■; n ...... :r ■ ■ 

Gypsum is found in small quantities in Mesozcnc rocks In Noith America. 
But the ; most ^extensive . depomt ' ir probiUy of Cretaceous age. • Captain 
Marey, in exploring the aourcesof the Bed Blverin 1852, traced oat a thick 
deposit of this substance extendmg from tlie Canadian Biver, in 99°' W. lon^ 
gltt]d% ixdxdy :ta thi», Bie <3k«nde, at least 3S0 niQes long^ and from 50 to 100 
nalessifoadi ■; - 
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Thet snr^koe repres^iM^ as Ounosoio upon the map is mos^y tnideilaid by 
the XertiaiT system. 7here a^0 tiiree gredt depQait& i 1.. Along the Atlaiiiio 
coast^ outside of or covering the cretaceous rocks, from Boston totSottthera. 
JN^xloo,: jmeHuding tlxe whole of ]^orida and lai|^ parts of LouiaianA and 
M^issippl ..2.: Akmg the PaJiQc ooast, from Lower Califomia to Russian! 
Ajnerica. 3. Occupying the great table lands of the B<)eky Mo«m|tein8i.i3(rr't> 
ering more square miles than the Cretaceous system, though not as wide, 
though we suspect, since Dr. ^e^rbury's reseticches, that here is some mis- 
take. Other deposits of small extent are found along the Alleghany ranges, 
u|)Qn::ther«hQres of tho. Arctic eifi^m, in Yuisatan, and iaSduth America. 
^n)«r& «ro alAO several detached; ternary traots^upon the great interior .xsrela^; 
ceous deposit which are not represented upon the imap. 

The latest researches show that the European divisions of Socene,^ Miocene^ 
and Pliooene, can b0 traced upon this oontment ^The deposits albhg. the 
Atlantic seaboard (including the Mexican Gulf X have received local names. 
The CSiw^Jifiw^oti^ correspqnds to the older Bocoie^ having the JMlowing 
characteristic fijssUst Cardita i^anicosta, C. Handingii, Crassitdla alta and 
Ostrea sirfUefoflrmis; The Vkkaburg gnnip corresponds to the newer Eocene^ 
contau^g the SiiQowing oharaoteristic fos^ls: BentaHumthaloictos, Sigaretua 
arel«taa, tod Terebca cbstata. The TcrJakfwn gmi^ embraces botii tiie Miio* 
Qe»eand:FlioQeiiiC. y ■ •• •■■■ ■ " ■: •■ ■ ^ 

The Eocebe strata are in too niany localities to be here specified. Htm 
great Zeuglodon cetoides is found in them in the Southern States. 
; AlBiMt;€cW0rdiDaacy i^^ bmuji^.tcr I^^B^iM 

1«* 
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of the insulated basins in Nebraska. It is in the Mauvaisea ferreSf tff Bad 
Lands^ on White Rirer. There is a basin 800 feet below the general level, 
in which there are thousands of abrupt, irregular, prismatic, and cohunnar 
masi^es, frequently capped with irregular pyramids, and stretdiing up to a 
height of fit>m 100 to 200 feet^ or more. 8o tliickly are these natural towers 
studded over the surface of tliis extraordinary region, tiiat the traveler threads 
bis way through deep, confined, labyrinthine passages, not unlike the narrow, 
irregular streets and lanes of some quamt old town of the European continent 

But the most interesting facts there brought to light are the bones of nu- 
merous extinct quadrupeds, some of them of enormous size, and dififering 
from all fossil animals hitherto described, though of tlie same &milies. Spe- 
cies of rhinoceros and tiger, large tortoises, a pakeotberhim eighteen feet long 
and nine feet high, the archseotberium, the oreodon, maduiirodus, etc, are 
described by Dr. Leidy ; and doubtless many more will soon be brought to 
light from this singular fredi-water deposit, where some of the same genera 
of animals occur as in the Paris basin. 

MioceTie, — ^The other Miocene deports of the continent, as at present known, 
are confined to the two oceanic tertiary belts — upon the Atlantic and Pacific 
coasts. The strata consist largely of sandstones, conglomerates, and sliales, 
with scarcely any limestone. 

Too little is known respecting the immense area of tertiary desposits in the 
Rocky Mountain district to pronounce with certainty their age. The pre- 
sumjiion is in fikvot of the older tertiary. 

PUocene, — ^The Pliocene strata have not yet been much studied in this 
country, except at certain localities. In distribution they correspond to the 
Miocene ; viz., along the coasts. 

But there are, along the Appalachian chain, occasional beds of clay and 
iron ores with which no fossils are associated. In 1852, however, the senior 
author of this book explored a bed of lignite associated with these beds of 
iron, in Brandon, Vermont, and found in them a large number of fruits (fig- 
ured in Part II.) which are evidently of the age of the Pliocene. From these 
data we have supposed all the deposits in similar positions throughout the 
range to belong to the Pliocene, although no lignite has been discovered in 
connection with them. 

Alkmwn.^^The drift and alluvial deports of North America have beea bo 
largely treated in Section IV. of Part I^ that we sunply refer to them in tiiiA 
coimeotion, with no additional remarks. 

IGNEOUS BOCKS. 

That part of the map which is covered with small dots represents the dis- 
tributkm^ of the more recent igneous rocks, the traps and basalts. They are 
most abundantly developed along the Pacific coast The largest area occu- 
pied by them is along the Columbia River in Oregon and Wasdiington Terri- 
tory. There are multitudes of smaller deposits along the Rocky Mountain 
ranges in Mexico and the Territories, which are not shown, three or four 
dotted areas standing as representatives of a large number. Farther north a 
similar series of trappean rocks is represented as a continuous belt Igneous 
rocks are abundant, also^ about the Arctic Ocean, especially in Greenland. 

Trappean dykes are abundant idong the Appalachian ranges and about 
Lake Superior ; but they do not overflow the surface like those just described, 
and occupy too little space to be indicated upon the mapw The granitic and 
the oldest igneous rocka are included under azoic rocks. 

Kom— OaptaiA J. H. Simp9(», who in 1858 and '59 exi^c«ed the Grwai 
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Satin lying between the Wahsatch and Sierra Neyada ICotmtainfl, ^ nieyer 
before traversed by a white man," has joat published (April, 1860) a note 
from Messra F. K Meek and H. Englemann, respecting the new geological 
discoveries made by them -in those terrcB incognitod. In west longitude 116'', 
they found, near the Humboldt Mountains, extensive deposits of Devonian 
rocks, 1,200 miles farther west than ever before known. Nearly as far west 
they found extensive Carboniferous formations, though not much coal. In 
several places east of Lake Utah they found Triassic red sandstone, with nu- 
merous beds of gypsum and rock salt, as in Europe ; which, according to 
Karcou, Blake, and Newbury, is developed on a grand scale ui New Mexico. 
Jurassic rocks occur, also, near the same place in Utah ; also on Weber River 
Cretaceous strata ; also both Eocene and Miocene tertiary near Fort Bridger 
and elsewhere ; all of which, like the tertiary of Nebraska and elsewhere at 
the West, seem to have been deposited in brackish waters. What an intw* 
esting field for Amorican geok)gists opens i& these yast western legioosl 
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Bones of the fallen angels, 281 
Borings for water, 124. 
Bowlders defined, 71; their aize, 181; In 

trains, 189. 
Brachippods, 251. . 

Brainatheriulii,. 888. 
Breccia, 59. 

Bronii, on identity of speciles, 861. 
Brontozoam, 810. 
Brown Coal, where found, 68, 
Bryozoa, 280, 
Buckland on metallic Telns, 897; oq the 

Pterodactyle, 867. 
Bunter Sandstone, 68. 

■ c. ■ ■ ■' - 

Gabinbts of Natnral Htstoiy, 407. 

Calnozoic period, 41 ; system, 70. 

Catemitesi 278. 

Calcaire grossier, 280l 

Calcareous tufa, 74. 

Calceola, 267. 

Calcite,50. 

CaloiferOBS Siiiidi'ock, 64. 

Calymene, 262. 

Cambrinn rocks, 68: fossils in theu247; 

-Ltthiehnoaoa in, 247 ; {n North Amer^ 
;Ica»4lO. 
Camel, fossil, 888. 
Cahoito, 109 ; in New MekieO and T7ta]^110 ; 

on the Eastern Continent, 110. 
Cape Ann Syenite, 4(NL 
Caradoe Sandstone. 64^ 
Carbon in th'e earth, 47 ; its origin, 68» 
Carbonic acid a^ a geological agent» 95^ 
CarbOhiferous system, '65; limestone, 65; 

fossils o( 278; in the United States, 

416, 414; Bo^r*8 division of; 414. 
Carefaarodon, 884 
CArnivorouii r«ces from th« first, 878; fossil, 

887. 
Caryocrinn8,262.. 
Caspian Sea, 17. 

Catastrophes, internl between 870, 871. 
Catenipora, 260. 
CaUkiU Red Sandstone, 65. 
Causes geological, intensity of, 8?5; might 

produce all rocks, 169. . 
Central heat; 1$9. 
Cephalaspis, 270. 
Cephalopods, 254 ; amonnt ^ ^8l ; their 

homy beaks, 281. 
Cetaee»,88X. ; 
Ohilkrto, 

-- ^ rfiwnfl,«i. 



Champlaln Clays, 14^ = . 

Changes improve the world, 878 ; geologi- 
cal, how produced, 94, 170. 

Changes the means of stability, 88:^ 

Chazy Limestone, 6!4. 

Cheesewring, 116. 

Oheirotheroides, 815. 

Cheirotherium, tracks oC 298. 

OhelonianA, tracks oil; 287, 815. 

Chelonia,826. 

Chemistry: oi Geotogy, 4T, 

Chemical Deposits, 59. 

Chemical elements in the rocks, 47. 

Cliemung Group, 65. 

Chile, its coast elevated^ 184. 

Chloride of Sodium, its deposition, 75. 

Chlorite schist, 61. 

Chlorine in the eartlj, 48. 

Cidarites, 299. 

Clairborne Group, 417. 

Classification of rocks, 40; of the Silurian 
and Devonian, 48. 

Clathropteris, 295. 

Clay, 78. 

Claystones In clay, 27, 28. 

Clay state, 60, «2 ; for roofing, &q^ 408. 

Cleavage, 22. • 

Clepsiosaiirus, 287. 

Climate of early timet tropical, 195; ultra 
tropical* 195;. gnMluaUy grew cooler, 
866 ; Lyeli^s hypothesis of, 187. 

Clinometers, 46. 

Clinkstone, 82 ; porphyry, 82. 

Clinton Group, 64. 

Coal, varieties of, 53; basin, sketcb of; 54; 
measures, 65 ; in dilferent countries, 66 
metamorphic, 54 ; coal ^fields, 66 

Cobalt, its ores and situation, 66. 

Cock-tail Grit, 65. 

Coincidences between geology and leTela* 
tion, 884. 

Columnar structure, 85b 

Comets, 209. 

Comparative Anatomy, it» !»«, 986; 

Compact feldspar,) 81. 

Compass, pocket, 46. 

Conchifera, 252. ^ 

Concretions in clay, 21, 28; of iron ore, 29 : 
of uBStraii&ed rocks *t Sandy Bay and 
in New i^mpeidre, 84 { in sandstone, 
Iowa, 80. 

Conformable stratification, 89. 

Congelation, pen^etuM lin* oCi 187. 

Conglomeratic!, 59 ; (Nf Newport and Ter* 
mont,219. 

Coniferse and Cycadeie^ 298. 

Coniopfceris, 296i : 

Connecticut river sandstone, 415. 

Consttmty of nature, 94 ; tubordinate to 
the high<Nr \kw of change, 881 

Consolidation of rocks, 168. 

<)ontinents eleyatod from the sea, 870, 885.; 

. present yefticfli ; xnovementu 0^ 199 ; 
configuration of; 208. 

Contortion of the strata, 24 » In the Alns, 
9&\ In Massa«hQsett«, 25; in Appslli* 
^hiai|. wonntaint, 25. ; 

Conularia, 262, 264. 

Cope«a,815. : 

Coprolites, of birds, 818. 

Copper, its ores and sitnation, 55; in th« 
i. ^aiM Station ^5| BMrX^ eii|Mi- 
fi<w^4i8. , 
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Cora] Be«ft, TS| 164 ; th«ir eztont 

CorbDla, 888. 

Corneftn, 82. 

Cornstone, d5w 

Cusiguina, volcano oi^ ITS. 

C<»8iuog<ioy, 288. 

CosteHnioff, 897. 

Cotop&xi, lava thrown from, 17«w 

Craters defined, 180 ; size of the aneient, 

Its. 
Creation proffressive, 8S5; inatramentali- 

ties empluyed in, 8S5; in six davs, 

885 ; centers o(; 240 ; by law, 878 ; by 

Divine Power, 878, 877 ; a soccession 

of pictures, 888. 
Creations distinct, number of^ 869. 
Cretaceous system, 6tf ; of United States, 

416; fussils of, 880. 
Crinoids, 254. 
Crocodile fossil, 886. 
Crocodilia, 886. 
Cross courses, 894. 
Cross cuts, 898. 
CrossopodiB, 269. 
Crowds tracks, 857. 
Crushing of ores, 898. 
Crust of the earth, 76, 197 ; its thickness, 

190. 
Crustacea, 255; tracks of, 815. 
Currents, Oceanic, 117; their relodty and 

effects, 118. 
Cuttle Fish, 297. 
Cuvier, his classification, 287. 
Cyathophyllum, 261, 262. 
Cycadoidea, 294. 
Cycas, 298 
Cycadaceie, 298. 
Cypraea, 832. 
Cypris, 248. 
Cyrtoeeras, 268. 
Cystidese, 255. 



Daita, Prof. J. B., on Ki^laaea, 178 ; on re- 

frlgeration, 198 ; on the American eon* 

nent, 807. 
Dapedius, 802, 

Darwin, on the Megatherium, 850. 
i>ays of Creation, their nature, 837 ; 8i^>- 

posed long periods, 887; supposed 

symbolical, 887. 
Bead Sea depressed, 17 ; its origin, 182. 
Beath before the fall, 891; inseparable 

from sin, 89L 
Bebrisof ledges, 96. 
Beer fossil, 8^. 
Begradation of rocks, 96,95. 
Belos, 178. 
BelU of the Mississippi, Bhine,NiIe, Bhone, 

Amazon, Ganges, icc^ 112. 
Belthyris, 262. 
Beluge of ^oah, 892 ; the supposed canse, 

of most geological chMues, not imlvet'^ 

sal, 898. 
Behdrerpeton, 888. 
Benudation, proofs and amount of, 119 ; In 

Wales, 121 ; in New Knghtnd, 121. 
Beposita Chemical, 181. 
Beposition of rooks horizontal, 76. 
Betritus of ledges, 96. 
Beve^opnaent Theory, 878. 
Devonian Bystem, 65 : fosstla <)i; MB ; in th« 

United Bistes, 415, 4ia 



Biamond, where found, 5& 

Bictyoeephalusi 891. 

Diluvium, or Drift defined, 71 (see Ihlft). 

Dinomis, 168, 842. 

Dinosaurlans, 804. 

Binotherium, 889 ; head ot, 840. 

Diorite,88; porphyry, 88. 

Dip of strata, 20. 

Biprotodon, 345. 

Discrepancies alleged betwe^i ffeology and 
revelation, 888. 

Bisturbanoes, geological, beneficial, 878. 

Bivisional atmotures, 81. 

Divine Benevolence, prooib oi^STS. 

Divine character perfect, 878. 

D'Orbigny on distinct creations, 869 1 on 
catastrophes, 87L 

Dodo, 168, 844. 

Dog fossil, 887. 

Dolerite, 83. 

Dolphin, fossil, 840. 

Domite,84. 

Downs or Dunes, 96 ; in Egypt, 96 ; Europe 
and United Stote^ 97. 

Drift defined, 71, 127; modified, 128, H, 73; 
dispersion of; 129 ; in North America, 
129; in Scandfnavia and Bussia, 180; 
In Siberia none, 130 ; in the Alps, 129; 
in Great Britain and the European 
Continent, 180 ; in Syria and India, 180; 
in South America, 181 ; Vertical and 
horizontal limits of, 140; transported 
from lower to higher levels, 188; by 
what agencies produced, 158 ; time 
since, 1^ ; and alluvium one formation, 
162; size of bowlders, 181; stria, 186{ 
theory of preferred, 156. 
Drift wood. 16*. 
Dromatherlum, 292. 
Drongs, llSi 
Duncan, Bev. Dr., dlseorers fossil tracks 

287. 
Dyke defined, 89. 

Dykes of trap in Cohasset and dalem, 82 ; 
in Vermont, 85 ^ systems ef^ 802: in 
Pelham, 819. 
Dynamics of volcanoes, 176; table U, 117; 
of geological agencies, 94. 



Eaovs in India, 117. 

Earth, its form, 16; bad an eariy diomal 
revolution, 885: its specffie gravity, 
16 ; once metteo, 16 ; earliest oonditioa 
oi; 808; Aiture destruction, oi; 808; ex- 
isted long before man, 871; its crust. 
190 ; as a whole, 16 ; its density ana 
form of the surfiKie, 16 ; once all nrnted, 
194 ; its changes have been improTe- 
ment,874. 

£arthqttake^ their proximate canse, 188; 
their precorsois, 188; eonnected with 
volcanoes, 18d ; their effects, 188; holes 
formed by, 184; the most remarkable, 
188; number of, 185; extinet,161. 

Eehinodermata, 254. 

Egypt, dunes oi; 96^ 

Enrenoerg on Infosoria, 858. 

Elements in the earth, 47. 

£]«phant in fttxen mnd in Sibsrin, M; 
fonU speei^ 887. M6f iMiUOs. ^ Wi 
liTing speolesi 84& 
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Elevation of stratm 197f of continents, 

199 ; of the coast of Chile, 184. 
£ievAti<HM and subsidences, 199. 
Klk. Irish, 849. 
]!:inboi.<««<l roclcs, 138. 
Embryonic ohnracter of fossils, 867. 
EiDinous, Pru£, his discoveries, 67, 287, 

292, 291 ; bis Taconic Sjrstem, 62; bis 

Permian rocks, 414. 
Enerlool limestone, 6&i 
Encrinites, 254 ; families of, 254. 
EngiBeeriog and geologT, 401. 
Euiclish Channel, now formed, 11^ 
Eocene strata, 70. 
Epoch geological defined, 45. 
Equisetacee, 278. 
Erosion, agents of, 95; proofli of, 119; 

amount of, 121 ; by the ocean, 114; by 

rivers, 103; by glaciers, 97; by the 

drift agency, 127; in Kew England, 

121. 
Eraptions, volcanic, their number, 171; 

phenomena ot^ 172. 
Escars, 147 ; in Andover and Aroostook, 

147. 
Etna, eruptions of, 178 ; quality of its lava, 

179. 
Euomphalus, 262. 
Euphotlde, 82. 
Eurite, 79. 

Everest mountain, 16. 
Evil phy;iical in the world before man, 891. 
Expansion of rocks bv heat, 196 ; of land 

and water unequal, 196. 
Extinct volcanoes, 181. 
Eyes of trilobites, 256 ; of insects, 256. 



F. 

FASCJtOUUPOKA, 882. 

Favosites, 261. 

Fault defined, 89; 

Fauna, 286. 

Felstone, 81. 

Ferns living and fossil, 276; tree hau, 278. 

Fertilizers, 405. 

Field ice, 106. 

Fingal's Cave, 86. 

Fiords, 116. 

Firestone, 62. 

Fishes, number of living ntecias, MS : of 
fossil, 268; scales (^ 269; elassifloa- 
tion ot, 269 ; faomocercal and beteroeer* 
od, 288; tracks ot, 815; in the (fifferent 
formations, 269, compUUnt ot^ 284 : 
first appearance of^ 864; tradca oL 
265. 

Fissures in the earth^s crust, 202. 

Fiiucging stones, 408. 

Flora, 286. 

Ftustra, 249. 

Foldetl axis, 21 ; strata, 201. * 

Foliation, 22. 

Fool's gold, 58. 

Footmarks Ibssil, 248; in tha Cambriaor 
rocks, 247 ; in lower Silurian, 257, 259; 
in upper Silurian, 265 ; in Devonitti, 
278; in c«al measures, 286; in Per- 
mian, 287: *» Trias* SM; in Ootife, 
"9; in Wealden,. 820; in Alluviam, 
6Mtt QuMb, 207; in JTeiT Tork^ [ 
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265 ; in Massachusetts and Conne^cnt, 
809; in Vermont, 2fi9; in Pennsylvu- 
nia, 257, 286; in ScoUand, 278; in 
Wales, 259,287; in England, 286; in 
Oermanv, 292 ; names of the animals 
that made tliem, 244 ; the most remark- 
able locality of, 809 ; synopsis of; 820 ; 
tlieory of, 819 ; books o^ 819. 

Foraminifera, 280. 

Forbes, Prof. J. D., on the motion of gla- 
ciers, 103. 

Forbes, Prof. E., his researches in the 
^gean Sea, 241. 

Formation defined. 88. 

Formations, tables of, 41. 

Fossil animals, number of, 857. 

Fossil defined, 288; man, 853. 

Fossil plants, their number, 860. 

Fossils, number of species of, 857, 860; ta- 
ble oi; 858; laws of their distribution, 
861; classification of, 858. 

Fossiliferons rocks, 41; their thickness 
and extent, 48, 44, 242. 

Fourier on internal heat, 191, 194. 

Fox on metallic veins, 896 ; on the air in 
mlne.% 198. 

Fractured rocks In YermontjBiassachusetts, 
and Great Britain, 188. 

Frozen Wells, 153. 

Fruits, foesil, at Brandon, Vermont, 829 

Fucoides, 260. 

Fulgur, 882. 

Fumerole, 170. 

Fusibility of rocks, 92. 

Fusullna, 280. 

0. 

GAiLSNBirm, cavern of; 846. 

Gait, 69. 

Galvanism, its metamorphio a^ncy, 216. 

Ganges, delta ot, 112. 

Gangue of a vein, 894. 

Gas springs, 126 ; their origin, 127. 

Gasteropoda, 258. 

Gastornis, 887. 

Gay Head, strata of, 71. 

Gems, where found, 55. 

Genesee slates, 65. 

Geological Map of Korth America, 407; 

Surveys, 406 ; in North Carolina, South 

Carolina, Massachusetts, Pennsylvania. 

and New York, 406 ; basins in North 

America, 407. 
Geologists have not attacked revelation, 

882. 
Geoionrand rellxlon, 877 ; natural religion, 

877; revealed religion, 882; mutually 

illustrate each other, 882; men who 

have written concerning them, 888. 
Geology defined, 15; its principles how far 

settled, 888; dynamical, 15; of other 

worids, 209; its history, 283; of North 

America, 406. 
Geologists, how tar agreed, 888. 
Geysers, of Iceland, 185; of California, 

218. 
Giant's Causeway, 86, 
Glbbes, Prof., on fossil SqnaUdn, 884. 
Gigantitherinm, 818, 812. 
GirafTa Ibesil, 888. 
GlMiendeaeribed,97; advance aad retreat 

ct,n; iketehes oi; 99^101, 164; mo- 
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fUBM o<; 1M; tm tlM A)M.t7: in 
GrMnUad, fl< Hambotdt ftiwtor.M: 
former MteBt oi; 141 ; ia Wales and 
BeetlMKl, 14S; iaBew KnglMMl, 142; 
•trUB oA 100 ; eeuae ef their metkn, 
1O0L 

OlMier Uieorj, 154; eetion, 97; period, 
1A4. 

Globe, \U eerliest sUte, M6; onee all 
ineltMl,194; when Ant InheWtod, »T; 
improved by change, ML 

OlfpCedon, SSO. 

Gneita, 61 ; porph jritle, 61 ; tot agrieoltnnl 
purpose*, 4iiaL 

Gold, where found, 66; in what roeke, 56; 
in the United States, 57, 418, 415 ; in 
California, Roaria and Anstnlia, 57; 
recently introdnoed into the rocka, 56, 
ST9; iU APi^'H^int .►UAliiL-i In ISM, 57; 

GoTfc or Oandn <leflh*d, 40; OS lUiae^ttt 
Uvn«s«^4. Potomac Ml»l3*ippi, Ml»- 
■otirL, llu? Hbin^. Ihe iHnubfv Ac^ l'-9; 
OQ Ked Hirer, Ijn; on Cox Klver, ILO; 
on til* tA^iorajif>, UO- 

GoDld^ A. A^ on trnck-v B^ 

Gtftbftm blanci, 17^ 

G^ntte 4)i-fln«fit T? ; porplivrltio and 
iraphk. 73^ lis ; cctnerAtioimfy uii] tr^b- 

utct, ?r2 ; h^ bi'*n pro^mdad Aolidi tS ; 
iriktfr irn£irer&e<l Jn Ita iiroductioii« 2-J8\ 
for itmclureev 4^, 
QriLnitii; Gniap, 4-Z, IT, 73. , 

GriptDli(«ft, £41. 

Gray, f'rot Ajta, hl< cl&ulfijcatlaR of plastik 

{^ 
Giniy*t4>nie Ura, ?4. 
Green lagd, uadcrgnSni; a nee-^iaw 104 ve* 

Greiiu MotintoJn OJant, tSa 

Grot^nvtoptii dcscrib^^dT Si' ontumnjir, *5; 
La Mta. tloLyi>k« and Tom^ S7 ^ on ibe 
IlndKm, &!:^; in Or^ffun, SS; on Lake 
fiuperlur, ST; and baaaltia Iceland, &5; 
Id Ifnrth l^^aralisa, 8^. 

Gro^ti F!inil f1ff«rib«d^ 69|, 70^ iU Ti*e ia 

Gree blnrre, 66. 

Group defined, 38. 

Guadaloupe, foMl, man in, 868. 

Guano, 405 

Gypeam, 61 ; where fooikd, 58. 

HABrrAnn.nT of other worUa, 810. 

Hade,894. 

Hadrooaurus, 887. 

UalU Prof., hia. system of ths New York 

rocka, 43; his discoveries in the Grap-* 

tolites.850. 
HUsyites, 860. 
Halysiehnns, 813. 
Hammers, Geologieal, 46. 
Hsmtiton Gnrapv 65. 
Hamipes, 815. 
Hamite8,897. 
BsM^IMI,846l 
Hs6tlBgsasii4»68. 



BnwaQ, Toleaaie, 1 
Hedxe bo«, fossil, 1 
Helderberg Grpop 



171. 

840. 
rbeiisGr9Qp,H41S. 
Uercnianeum buned, 178. 
Hezapodiehnos, 815. 
Hippopotamus, fowO, 888, 848. 
Hippmrites, 881 
Historic Period, 71«16S. 
Hoc, fossil, 883. 
Holyoke, ML, trap ot, 87. 
HoloptichuB^ 871. 

HomUende andaugite, 50; sohlsL 61 
Hornitosi 178L 

Uomstone, S2 ; porphyrr, 88. 
Horsebacks or Ebcsis, 147. 
Horse, fossil, 849. 
Huds<m fiirer Group, 64. 
Human remains in rock,8S8; in earems, 

854; in allurium, 854; whether pre- 

adamtc;,.895. . 
Humboldt i^lacier, 106, 98. 
Hommoek oa Holyoke^ 187. 
Humus, in soil, 165. 
Huroniaa rocks, 6O1 68^ 41L 
Hutton, on veins, 896. 
Hysaa, fossil, 8tf. 
Hydatina, 852. 

Hydrate of iron, 128 ; of mangsiiese, 183. 
Hydra with many heads, 849. 
Hydrogen in the earth, 47. 
Hypanthocrinus, 262. 
Hyperstbene nick, 88. 
Hypegene.rocks, 60. 
Hypozoie rockj^ 60. 

L 

IcsBXKO, 104 ; theory, 154. 

Ice caverns, 153. 

Ice islands, 108; ftoea, 107; rafts, 107; 

belt^ 107 ; icebergs, 107 ; foot, 107. 
Ice preserved by Iava,.l8flL t 
Ichnolttbology, 843. 
Ichnol€|^ 848 ; history qf, 844; principles 

Ichthyocrinoa, 962. 

Icbthyopodulita«,8a6L . 

Ichthyosaurus, 803w 

lethyodomHtes, 284. 

Igneous agency, 170. 

Igneous rocks, 48, 77; in North Am«ricn, 

418. 
IgUixkadoU, fossil,i805; tracks oi; 830. 

Improvement in the earthV oonditlon, 8T4. 
Inclination of strata, 20. 
Inde^ palnontologicufl, 867. 
Inforeauesikom palnoatology, Ac, 876l 
Infosorfo, 851: Agassis ; views or,888 ; foaslL 

16^848; OwenTs views of; 889; from 

Berlin, 852 ; from Vermont^ 852 ; from 

Richmond, 852. 
Inoeeramus, 825. 
Insects, foMiL.t88; eyes o|; 856 ; ia the dif- 

ferent formations, 882 ; in the Conneo- 

ticat Valley, 801. 
InstaMnty 4he mesas of stability, 8S1. 
latehsity of geotocical causes, 875. 
■latemaL beat: of the earth, 188; prooft o£ 

ia9;,^eotioiistarl98. 
laterior of the earth in a. melted state, 191 ; 

lat^Q^ioa J)tvlna«pedal, 860., ' 
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Interral after the beginning, 886. 

Iron in the earth, 48; iU ores, &5 ; pyrites, 

58 i in United States, 408. 
Islandii formed by volcanpes, 178. 



jABnmi, Sir Wm., on Ichnology, 287. 

Jerboa, foesil, 840. 

Joints defined, 21 ; their origin, 222. 

Jorallo, volcanic, 180. 

Juke*s catalogae of fossils, 857. 

Jupiter covered by a fluid, 209. 

Jurassic system, aS ; fossils of; 293. 



Kakc, Dr., on ice phenomena, lOT. 
Kangaroo fossil, 845. 
Katakekaumena, 181. 
Kaup, on Cheirotherium, 298. 
Kilauea described, 85, 174, 180. 
Knapp, Dr., his exeg^ii of the Mosaic ac- 
count. 888. 
KupperscheifTer 68. 



LABTBXirTHODOM paohygnathus, description 

and sketch of, 291. 
Labyrinthodonts, characters ot^ 290. 
Lacertilia, or lizards, 284. 
Lady geologists, 29a 
Lakes, bursting of, 118. 
I^marck's b vpothesis of transmutation of 

species, 2t0. 
Lamination defined, 18; contorted, 18; in- 

clined, 18; iU origin, 19. 
Landslips, 105. 
Laurentian rocks, 60, 410. 
Lava, its character, 77, 179 ; aqueo-lgneons, 

179, 212, 229 ; traobytic 84 ; augiUc, 84; 

graystone, 84 : vitreous, 84 ; its amount, 

177 ; ice beneath, 180. 
Laws of paleontology, 861. 
Lead, Its ores and situation, 66; in the 

western States, 414 in the upper Miss- 

issippU 895. 
Lebias, 888. 

Ledges fractured, 188 ; debris oi; 96. 
Lee side of ledges, 188. 
Letdy, Prof., describes. new animals, 420. 
Leman Uke, deposit in, 872. 
Lepidoden<lron, 278. 
Leptiena, 262. 
Leptodactyloos birds, 810. 
Lias, 68. 
Libellula, 801. 
Life systems oil 869; when commenced, 

227, 878. 



Ugnite, 58. 
Lily Encrinite, S 



lime in the earth, 48. 

limestone, its varieties, 60; crystalline, 61 ; 

mountain, 65: metamorphic, 61; for 

construction, 408. 
Limeetones, varieties of; 60. 
Lindley, his experiments on plants, 275. 
Lingula flax^ 64, 251. 
LIthichnozoa. 244 ; In diJETerent formations, 

244; in the Connecticut Valley, 809. 
tiihological characters of the stratified 

roc£s» 09 ; of the uostratified, 76. 



Lithographus, 81& 

Lituites, 254. * 

Lizards, tracks of, 812. 

Llandeilo flags, 64. 

Location of roads, &c, 401. 

Lodes, 894 

Logan, Sir Wm., his classification, 60 ; on 
fossil tracks, 257. 

Lower Siinrian rocks, 64; fossils oj; 248. 

Ludlow shale, 64. 

Ludnrs Uelmontii, 29. 

Lycopodiacee, 277. 

Ly ell, his hypothesis of ancient climate, 
187 ; of causes in action, his objection 
to central heat, 194; bis division of the 
tertiary. 828; on fossil men, 854. 

Lyriodon, 824. 



Maolitbs'b Mapf 406. 

Maclurea, 258. 

Macrauchenia, 851. 

Magnetism of rocks, 88; in Europe, 90; in 

United States, 89 ; on Yesuvius, Etna, 

and Ararat, 90 ; the origin of; 90. 
Blagnesla in the earth, 48. 
Malpais, eruption in, 178. 
Mammalia, orders or, 287; fossil where first 

found, 292; in the tertiary, 887. 
Mammoth, the Siberian, 848; type of, 84& 
Man, when first appeared, 885; the last 

animal created, 855 ; his geological 

agency, 168 ; fossil, 852. 
Manganese, Its position, 55. 
Map, Qeological, of Morth America, 408, 409, 
Marble for structures, 408. 
MarcelluA shales, 65. 

Marcy, Capt, his discoveries in Texas, 419. 
Blarl, where found, 74; in alluvium, 74s 

shell, 121. 
Marsupials, in Oolite and Trias, 808. 
Marsupialoids, 809. 
Mastodon*s teeth, 889 ; Newburg, 846. 
Mastodon ftissil, 889, 846. 
Materials for structures, 402. 
Matrix of a vein, 894. 
Matter, its supposed eternity, 87T. 
Mauna Kea, vplcano of; 174 ; Loa, 174. 
Mauvaise Terres, 418. 
Medina Sandstone, 64. 
Megaceros, 849. 
Megalonyx, 851. 
Megaiosaurus, 804. 
Megatherium, 850. 
Megatheroids. 851. * 

Melaphyre, 82. 
Memorabilia of creation described by rer- 

elation, 884. 
Mercury, where found, 66. 
Mer de Glaoe, 97, 108. 
Merrimack river, its deposits, 118. 
Mesozoic rocks, 41, 67 ; fossil characteristics 

of 828; in the United States, 415. 
Metallic veins, character and repletion of. 

Metalloids in the rocks, 47 ; hypothesis o( 

Metallurgy* 899. 

Metals in the earth. 4T; where fbnnd, 55; 
modes in which they occur, 65 ; their 
distribution, 65; amount of; by mining, 
899* 
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Metamorpltism, 211 ; extends tUrongli th« 
*th« whole fflobe, 281 ; its agents, 211; 

its effeota, 216, 222; stUI going on, 225; 

explains the origin of schists, 226 : and 

of granite and tra|), 22S; teble oA 282. 
Miea,^. 

Mica schi8tt.«l, 408. < 
Microlestes, 292. 

Millar, Hugh, on tracks, 286, 818. 
Millstene grit, 65. 
Mineral waters, 125. 
Mineral and oiganie forms, 16. 
Minerals, simple, 48 ; in the rocks, 43 ; use- 

faU their sitoatioDk composition oi; 51 : 

altered, 228. 
Mineralogy of geology, 47. 
Mineralizers of organic remains, 885. 
Mines, temperature at, 189; how wrought, 

897. 
Mining, tlieoretica], 884; practical, 897; 

products, Uble oi; 400. 
Miocene «trata, 70. 
Miracles defined, 880f; in nature, 8S0. 
Mi8Sl>>siDpl, delta oi; 112. 

Modified drift, 148; forms ot, 144. 

Modiolopsis, 252. 

Mole, fossil, 840. 

MoUusco, Uring and fossil, 859, 882, 888. 

Monadnoe, stria on, 188; embossed rocks 
upon, 184. 

Monkey, foaell, 887. 

Moon, volciuiic, .209. 

Moraine terraces^ 144; in Truro, 145; in 
North Adams, 146; the sites of ceme- 
teries, 145. 

Mososanrus, 827. 

Mountain limestone, 65. 

Mountidns, the highest, 16 ; of Europe elo- 
vated at different perioas, 207 ; of North 
America, 206 ; Beaumont's theory of, 
20S; objections to, 208; how elevated, 
195 : near the coasts of continents, 206. 

Moose, fossil, 840. 

Murex,882. 

Mttschelkalk, 68. 

Murehison, Sir B. L, on the beginning of 
life on the globe, 227. 

Marchisonia, 2S8. 

Mylodon,850. 

Myriopods, 299. 

Myrmeoobius, 292. 

Mystriosaurus, 808. 



Katitbal religion illustrated ■ by g«ology, 

877. 
Naatilus, living and fossil, 2S1. 
Nebal»,209. 

Keckar on metallic veins, 897. 
Neuropteris, 274. 
N6v6 of Glaciers, 97. 
Newbury, Dr. O. S., his discoveries in Uteh 

and >iew Mexico, 419. 
New Red Sandstone, 68. 
Sevr York system of rocks, 42. 
Niagara falls and river, 118. 



Niagara group, 64. 
Niger, delta of; 112. 
Nile, delta of, 112. 
Noeggerathla, 287. 
Not^mis, 848. 



Novaculite, 62, 
Nova Scotia, waste of; 114 
Numraulites, 881; from the Sphinx, and 
Pyraraids,881. ' 



Obsidiak,84. 

Ocean, its depth, 17 ; its temperaiore, 193 ; 

its bottom, 17 ; Its geological agency, 

114 ; its bed depressed, ly8. 
Ocypode, tracks oi; 257. 
Oldhamia, 247. 

Old Red sandstone, 65 ; oonglomexlkte;, 65. 
Old river beds, 152. 
Or.aiLi^aL-M .salt \it- ^^p, M, 
0< . ' : :iL, or, fo^ili oi; 2ML . , . 

Ofihiciilcot EjiU 
Oj-iliiniite, 51. 
Oi.hj.lim. 837, 
0|hh!te,M. 
0|HUhLrn^ 26S. 
Order of creation, table of, 564, SS*; perhnpi 

not g\v^n in all csiaes in BCrI]>tiire, 38S. 
Ordtra, fosstl, increafiin^i»n<NJtt'reMlns,S6Si 
Oru in vt!(iis,394; 1q beds, ^^: «xtrueUuii 

Orpnlc gt^JitoiEElcAl iij^enrles, 8€Sl 

Ort'iitiic Tcrtiikms do^rlb^n!, 2S4; liwW pTO- 

gtjrv^d, a-*# ; bw cluiniff^ io sEonCt 335; 

whrther now beln^ [jetrifled„ 2S5; how 

marine, ?42 ; amduFit f>I^ i4i ; belgbt 
ntittve th* sea, S4^ll; In (iifferont firr- 
mivtlonH, £43; lio^v fat ihty idfitityy 
fitPAtJi, 40 ; verti tial rftogu ot, S&& ; coin - 
jMirud irith living Khecittdy Mflj MI; 
ntiuibcT 4>r apccka, 3^>T; table tif^ S58; 
triipical in bifb h&titutles. BtiO; in tha 
Camhrian^ ^'^ in )tfwc:r Iailuri4n> ^'^ ; 
In ii[ipt?r SilLiHun^ 25U; tn I>i?VDm;in, 
265 V laCiirboDiremiiH^ ti& ; in Pemilan, 
£Se; in Trias, 23^; in OollUJt 293; m 
ch&JlL, filKli ititettUryS^; La ttiluHacn, 
341. 

OrgsTiEZiition mora perfect as we ase*nd, 
US. 

Oriskany sandstone, 65. . 

Ornithoid lixards and Bairachiana, 810. 

Ornithopus, 811. 

Oronoco, delta oi; 118. 

Orthis, 252. 

Orthocera, 254. 

Orthodactylus, 814. 

Osars,146; whether in this eototiy, 147* : 

Ossiferous caverns, 846. 

Ostrea,824. 

OtosoQffit ^4* -^ ; . ' 

Outomp of strata, 20. 

Ovibu8,855. 

Owen, Sir Richard, his elasstflcatlon of 
animals, 287 ; his work onpalseontology, 
860; his Views the Pr^otozoa, 289 ; on 
tvilobites, 257 ; on reptiles, 284 ; on the 
Labyrinthodon, 290; on the tracks of. 
birds, 808 ; on the extinct birds Of N«w 
Zealand, 842 ; on Maninioths, 848 ; on 
the Mylodon, 851 ; on daration of types, 
862; distribution of reptiles, 865; his 
orders of creation, 864. 

Ox, (bssil, 849. 

Oxygen in thd earth, 48. 
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Pachtbactttlous birds, 810. 

Pftchydennata, extinct, 861i 

Palteobatrachus, 88#. 

Palffiocborda, 247. 

Palieoeoma, 826. 

Palieo&tology, 283; its division into two 

parts, m 248 ; restricted by some to 

animals, 288. 
PalsBontological dwsiflcation, 45. 
PaUeontologioal efaaraeters of tbe rocks, 

24«. 
Paleoniscos, 283. 
Paltieosanrus, 287. 
PalasotheHiin ^83. 
Palseozoology, 288 ; laws of; 861. 
PalaophytOloej, 288. 



Paltf|;^eryX) 342. 
Paiteozoic loi 



locks, 41, 62; period, 46; fossil 

characters of, 287. 
P«»sad<»efl,8a 
Palm^ fossil, 829^ 
Papandayang, volcano of,. 178. 
Paradoxides, 257, 412. 
Paroxysmal movements, 870, 197. 
Pear Encrinite, 254. 
Peat, 74; h<^w' formed, 166. 
Pebbles, elongated, 220. 
Pedometer, 4ff. 
Pesmatite, 78. 

Pele's bair, or rolcanie glass, 85. 
Pentaorinite,. Briarean, 254, 299. 
Pentamerns, 261. 
Pentremite, 281. 
Peperlno, 85. 
Period defined, 45 ; long In geology before 

thel six days, 886; historic, terrace, 

beaob, osar, and drift, 15jS; <^ oi^;anic 

beings on the ^obe, 45. 
Permian system, 67 ; in the United States, 

67, 416 ; fossiU of, 286. 
Petrifikction, Its nature, 285 ; recent, 285. 
Petroleum, 128. 
Petrosilex, 81. 
Petohaps Solitaries, 844. 
Fhascofotherium. 809. 
PbillkM, Prcrfl Jons, on xnetamorphlc rocks, 

Pholadomya, 882. 

Phonolite, 82. 

Phytopsis, 248. 

Pic, volcano of, 178. 

Pidtet, on terd^ry strata, 829 ; his paltson- 

toIagy,857. ^ 
PierroaBot,181. 
Pitch lake, in Tilnadad, 128. 
Pitchstone, 84. 
Placodus, 289. 
Pli^cia!uliix,8e9. 

Planetary space, temperature <^, 18d. 
Planets, geological stote of^ 209. 
Plans of the Deity as shown by geelegy, 

831. ^ 

Plants, geological agency ot 166; land, 

where flffst fonml, 260; fossil in the 

Tocks, classified, 286, 860. 
Plastisity of older rocks, 216. 
Platinum, where found, 66. 
Plestosaurus, 804 
Plearocystltes, 266. 



Plication of the strata,' 24. « 

Pleistocene strata, fossils of, 842. 

Pliocene strata, 70 

Plutnbftgo, where found, 54 

Pluton deyserSf 218. 

Platonic rocks, 91. 

Po, delta of, 112 ; embankment on the 112. 

Poletiiat-chus, 812. 

Polypiaria, 24S. 

Polypi, or polyps, 249. 

Polytbalaihia, 2S0, 831. 

Pompeii, buried by lava, 178. 

Popocatapetl, 180. 

Porcupine fossil, 840. 

Porphyry, 81 ; trachytic, &c, 81. 

Portland stone. 408; quarries, 408. 

Posidonomya; 267. 

Potassa in the earth, 48. 

Potsdam sandistone, 64. 

Precious stones, whete found, 65. 

Primary rocks, 60 ; their origin, 226 ; lime* 

stone, 61. , 

Prismatic or columnar structure, 85. 
Productus, 287. 
Progression, organic and inorganic, 874; 

objections, 874. ' 

Prospective benevolence, 879. 
Protogine, 81. 
Protosaurus, 287. 
Prototichnites, 258. 
Protozoa, 280. 
Providence of God over the trdrld, 880; 

special, 880. 
Provinces in zoology, 240 ; botanical and 

zoological, ^49. 
Ptexiohthys, 270. . . 
Pterodactyle, 8o5. 
Pterosauria, 806. 
Pumice, 84. 
Purbeck strata, 69. 
Purgatories, 116 ; »t Newport, 115, 
Pyroxene, 80 ; porphyry,-81. 



QVAQITATSBSAL, dip, 21. 

Quartz, erystallized, 48. 
Quartz rock, 62; its origin, 224. 
Quaternary Period, 46. 
Quebec group, 412. 



Badiata, 239. 

Baindrop impresstohs, 819 ; on clay, 85T. 

Bamparts, pond and lake, 113; in Bussia, 
114.' 

Bona dilttviana, 886. 

Banlceps, 286. 

Bat, fossil, 840. 

Beasoning in geology, basis of; 94. 

Beeent Plutonic rocks, 91. 

Bed river raft, 167 ; ciinon on, 110. 

Bed sandstone, new, 68. 

Beligion, natural, its connection witb geol- 
ogy, 877 ; revealed, 8S2. 

Beptiles, the earliest, 271 ; tracks of; 278; 
their development, 866. 

Bevelatlon and geology, 882 ; In harmony, 

Bhinocerot ibssil, 888. . ^ 
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Eb<in«, delU ot, Itt. 

BbjmchoHtra, S6t 

BbjrnehoalinniB, S91. 

Klrere, thtiir geological agencj, 108. 

Bocbes moutonnes, 188. 

Bock salt, where found, 58; in the ITnlted 
States, 58 ; in the eastern world, 58. 

Bocking atones, 72; in Barre, 72; at Fall 
BiTer, 78. 

Bocks, chemical composition ot 47, 98; how 
worn down, 94: aqueous, IS ; igneous, 
IS; acoiCf 42; fossiliferons, 41 ; hypo- 
soie, 41 ; metamorphism oil; 211 ; their 
Uthologieal characters, 59; their palv- 
ontologieal characters, 246; smoothed 
and striated, 182; embossed, 188; 
pUcated, 24: stratified, 18, 41: un- 
stratified, 42; reUtire age of; 9a; 
metamorphie, 21 ; sedimentary, 59 ; 
chemical, 59 ; soluble in water, 95 ; their 
endnrance, how tested, 404. 

Bogers, Professors, their system ot classifi- 
cation, 43 ; their experiments on solu- 
bility of rocks, 95; the Henry D.'s re- 
port on Pennsylvania, 406. 

Boman cement, 29. 

Batiodon, 2S7. 



Babextta, 173. 

Banroid fishes, 8S7, 284. 

Saurian rep^o«« ^1. 285. 

Banropus, 278. 

Baliferoos rocks, ^ 126. 

Bait, its origin, 169 ; in Biberia and Mexico^ 
169. 

Bait springs, 126; their origin, 126; in 
United States. 415, 418. 

Sandstone for structures, 408. 

Sandwich Islands, volcanic, 174 

Sao, 257. 

Saturn covered by a fluid, 209. 

Sanrians, 2S7. 

Sauroid flsht^ 284. 

Scalitea, 258. 

Scandinavia a center of drift dispersion, 129. 

Scapbites, 297, 825. 

Bcelidotherium, 851. 

Scheuchzer on fossil fishes, 284. 

Schoharie Grit, 65. 

BcoUthus, 248. 

Scorpion, fossil, 282. 

Bcrope on Auvergne, 181. 

Sea bottoms, ancient, 148. 

Sea beaches, ancient, 148. 

Seals, their number, 164; fossil, 887. 

Beam defined, 18. 

fiecondury rocks, 67; plutonle, 91; period, 
45. 

Section, Ideal of the earth's crust, 86, 87 ; 
ideal of terraces, 150 ; across the Alps, 
25 ; across the Appalachians, 27; of tne 
bottom of the Atlantie ocean, 17; in 
Kew York, 68 ; in Derby, Vt, 225. 

Sedgwick on metallic veins, 896. 

Sedimentary rocks, 59. 

Semiophorus, 888. 

Seneca oil, 128. 

Sepia, 297, 293. 

Septaria, 29. 

teries of rocks, 88. 
erpents, fossil, 887. 



Serpentine, 51 ; where Ibnnd, 62; A metsi- 

morphic roiek, &1, 62. 
8erpula,299. 
Shale, 59. 

Sharks fossil, 884; from TS. Carolina, 884. 
Sbell^ chambered, 2S1, 297 ; their vertical 

range, 298 ; the number of fossil. 
Shepherd, Forrest, on the Pluton Geysen^ 

Ship Bock. T82. 

Shoadino. 897. 

ShrewTfossil, 84a 

Siberia rich in gold, 57; no proper drift 
there, 18a 

Sigillaria. 27a 

8Uicaintheearth,4a 

Siliceous marl, 75 ; sinter, 75, 12SL 

SUlinum, ProC B. Senior, Ms Journal, 406; 
his views of the Mosaic days, 887. 

BOnrian system, 68; lower and uppec, 64 ; 
in North America, 4U. 

Silver, where found, Sa 

Simple substances In the earth, 47; xnln- 
ends in the rocks, 43. 

Slnaite,80. 

Sinter siliceous, 75. 

Sirenia fossil, 887, 889. 

Sivatherium, 888, 850. 

Skaptar, Jokul, quantity <tf lava firom, 188. 

Shark, tooth oA 888. 

Shepard, Prof! C. U., on Adamsitei, 225. 

Silicates in tnm and granite, 92. 

Slides on the Green and White Mts^ 105. 

Slime-pits near the Dead Sea, 182. 

Slope in mining 895. 

Snipe, tracks ot, 966, 

Soapstone, 408. 

Soda in the earth, 4S. 

Soils, their composition, 78, 404; a proof of 
Divine benevolence, 878 ; their forma- 
tion, 165^ 404; from different rocks, 
405; mixed, 405. 

Solitaire, 844. 

Sol&tara, 170. 

Somma, 174. 

Spalacotherium, 809. 

Species had once a wider range, 866i their 
distribution, 8^1 ; living and fossil com- 
pared, 866, 867 : In the difTerent forma- 
tions unlike, 861 ; new, howjtttrodnced, 
878; not transmuted, 270, 878; ^ad a 
limited duration, 861. 

Sphagnum, 16a 

Sphenopteris, 26a 

Sphenophyllum, 290. 

Sphinx, its geological character, 881. 

Spiders, fossil, 800. 

Spirifer, 252. 

Spiruia, 297. 

Spondylus, 824. 

Springs, phenomena ol^ 128; salt, in Utsited 
&tate^ 126 : their origin, 126 ; mineral, 
125; gas, ik ^ 

Squalidc, 888. 

Squirrel, fossil, 840. 

Stobra, buried, 178. 

Stability secured by chaoge. 888. 

Stalactites, 74. 

Stalagmit^ 74. 

Stamping of ores, 819. 

Steatite, 61. 

Stelleria, 168, 85S. 
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Stereoi^ft^Qi, 809. 

8ffgm«i-la, in. . ^ 

StosH side of a ledsre, 188. 

Strata defined, Id ; bent, 21 ; overinrned, 
21 ; in the Alps, 21 ; their thickness, 
how measured, 75; in Europe, 76; in 
United States, 48, 44 ; metamorphosed, 
226 ; how identified, 40 ; table of, 41. 

Btratified rocks deposited ^om water, 75 ; 
metamorphosed, 226; tilted up, 76; 
folded, 201. 

Stratification, how distinguished from lam- 
ination, cleavage, and foliation, 19 ; its 
character, 18. 

BtrisB by glaciers, 102 ; by drift, 185 : sev- 
eral sets of, 186; their courses, 185. 

Strike of strata, 20. 

Strings, 895. 

Stromboli constantly active, ISO. 

Structure in rocks original, 18; saperin- 
duoed, 222. 

Subaqueous ridges, 147. 

Submarine forests, 200. 

Subsidence on Columbia Biver, 184. 

Subterranean forests, 295. 

Sulphur in the earth, 47. 

Sumbawa, eruption in, 172. 

Sun, its present state, 209 

Superposition of rooks, 87. 

Surface geolo^, 127; theories ol^ 154; the 
theory adopted, 156 

Survey, geological, of North Carolina, South 
Carolina, and Massachusetts, 406; of 
New York and other States, 406. 

Sweden, its shores rising, 199. 

Syenitio greenstone, 82. 

Syenite, 80; of Quincy, ike.,, 80, 404; eon- 
glomerate, 80 ; for structures, 404. 

Synchronism of rocks, 40. 

Synclinal axis, 21. 

System of things the same in all ages, 878; 
the present had a beginning, 877. 

Systems of elevation, 207 ; of orginio beings 
on the globe, 869. 



Tabuc of the composition of rocks, 98 ; of 
organic remains. 858; of the metals 
mined, 408; of simple minerals, 51; of 
rocks, 41. 

Taconie Kocks, 411. 

Talc, 50. 

Talcose schist, 61, 408. 

Tapir, fossil, 888. 

Telerpeton, 271. 

Temperature of the globe firom external 
sources, 186; firom internal causes, 186; 
of springs in mines, 189 : of rocks in 
mines, 189 ; of Artesian wells, 189 of the 
planetary spaces, 188 ; of the ocean, 198 ; 
increases toward the center, 188; its 
rate of Increase, 190 ; of the air, 187. 

Temple of Jupiter Serapis, 200. 

Teneriffe, 179, 

Terebra, 882. 

Terebratnia, 251. 

Terrain, 88. 

Terraced valleys, 110. 

Terraces described, 150; of a yalley, 110; 
kinds of, 151 ; of rivers. 151 ; of lakes, 
152 ; marine, 152 ; in Vermont, N. II., 



on the Bhine, In Scotland, 151 ; Gorge, 

Delta, Lateral, Glacis, 151 ; of South 

America, Utah, Jkc, 152 ; how formed, 

159. 
Terrace period, 159. 
Tertiary strata described, 70 ; Plutonic rocks 

of, 91 ; period, 45 ; in North America, 

70, 419 ; fossils ot, 828; division of, 828. 
Tetragonolepis, 802; fossil character of, 841. 
Theory of surfoce geology, 158. 
Tliecodontosaurus, 287. 
Theories of metamorphism, 216, of drift, 

158. 
Thermal springs, 185 : theory of, 185. 
Tides, their geological elTect, 116. 
Tilestone, 65. 

Tin, its ores, and situation, 56. 
Titan's pier, 83; Piazza, 87. 
Toadstone, 8a 

Toads preserved alive in rocks, 288, 284 
Tortoises, fossil, 827 ; tracks ot, 278. 
Totten on the expansion of rodu, 196. 
Toxodon, 851. 
Toxodontia, fossil, 887. 
Trachyte, 88. 

Trachytic lava, 88 ; porphyry, 84. 
Tracks human, 857 ; of animals (See Fossil 

Footmarks) ; settled characters of, 245 ; 

in clay, 856. 
Trains of angular blocks, 189. 
Transmutation supposed of species, 878. 
Trap Bocks. 42 ; on Lake Superior, 68; west 

of Bockv Mountains, 88; in Bowaai 

county, North Carolina, 88. 
Trappean rocks, 42, 77, 81. 
Travertin, 74. 
Tree ferns, 274 

Trends of coast lines, mountains, Sbq., 204. 
Triassio system, 68; fossils oi; 268. 
Triconodon, 809. 
Trigonia,824 
Trigonotreta, 267. 

Trlfobltes, 255 ; eyes oi; 256 ; fitmilies ot, 257. 
Trinadad, pitch lake In. 128. • 
Tufa or tun; volcanic, 84 ; calcareous, 74 
Tnrbinolia, 882. 
Turrilite, 297. 
Turritela, 825. 
Turtle stones, 29. 
Type defined, 862; each had one term of 

existence, 862. 
Typioal forms of continents, 205, 

V. 

Ulodhtdbon, 278. 

Ultra tropical, character of fossils, 866. 

Underlie, in mining, 894 

Unser, on fossil plMits, 860. 

UnfossiliCdrous Bocks, 42. 

Uniformity of nature, 94; subordinate to 

the higher law of change, 881. 
Untsulous, 818. 
United States, geology ot, 406; geological 

map of, 408. 
Unity of the Divine plan, 878. 
Univalve shells, fossil, 888. 
Unstratified Bocks, 42, 76; varieties of, 42, 

77, 92; fhsibility of, 99 composition 

of; 92, 98 ; mode of their occurrence, 86 ; 

of aqueo-igneons origin, 228 ; relative 

ageoi;90. 
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VnUm wwu i ti toi. fold In, 87; 

UpiMr SUoiiM HMk*. «; /o8riltoi;i6^<lS. 

UmIU rook* in Om earO, (tt. 

Utica Slftte. 64. 



yALi.BT8 «f eleTBtlofl, IM : of deaodatioii, 

100 ; origiBal, 109 ; of aubaideBee, 109; 

terraced, lia 
Variegated Marls, 61 
Vecetable life, wIma llrat tppeared <m the 

globe, 248L 
Vegetable kingdom, daadfled, »«. 
Vertebral ftaimala, S87, 968w 
VesuTiaa, 178. 
Veins defined, 90 ; in Lowell, and Oomwall, 

81; in West Hampton, 88 ; in Salem, 88; 

in Colrain, 84 ; in Vermont, and Oonway, 

85 ; general sketch oi; 88 ; metallic, their 

widu, rooks traversed by, 885 ; moat 

produetire near nnstratifled rodu, 885; 

of segregation, 80 ; of injection, 80; of 

dilTerent age^ 885k 
Vermonter, the, 188. 
Vertical movements ef land, 199; without 

earthqnakea, 199; aeeonnted Ibr, 19&. 
Vertical range of enimals end planta, 888. 
Vesavins, minerals from, 8i; emptiona 

|Vointl78. 
TJeli^buT^ Frtmt\ 41T. 
Vllbrica. coneitAitiW active, 180. 
VokftULc Action^ 170 ; hypotheels oi; 192; 

breccia, e&; eratera, 170; andoit, 182; 

beitefleii^ iipfya the whole, 879; power 
^ Its Acat, 17 G, 1^ : glass, 85; eonglomer- 

atA, S^fi HltJiti^ furmed by, 178, 18L 
VolesaMQ, eitliut And active, 170; snb- 

iimrl&e ami tqbterial, 170, 178; eon* 

Btantly active, ISO; intermittent, 171; 

In IEdi^a, no; products oi; 84; amount 
lavA Smnif UT; nnniber U, and of 



eruptions, 171; 
. dynamics U, 176l 
Volcanic rocks, 42, 77. 
Voltiia,289. 
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WAcnE,8SL 

Wad,188L 

Wall, in minteg, 9tU 

Water, its distribution, 908; tn the rodcs. 
8lt; its ezmuMion in fkvecing, 97; iS 
agency in the metamorj^ism ct rocks^ 
811 ; in the prodnction <^ the igneoo^ 
rocks, 212 ; in lava, 212. 

Watt's experioMnton basalt^ 88. 

Waves, their effects, 138; of translatfon, 

Wealden formatieo, 89; day, 89. 

Wella, froten, 158. 

Wells, Artesian, 124. 

Wenlock shale, 84; limestone, 84^ 

Werner's theory of veins, 898. 

Whale, fossil, 887, 84a 

Whim, 89Sw 

Whitsunday Isle, 164 

World, very old, 871, 872 ; had a h^aning; 
884; its supposed etemitj, 877; time 
of cTMting not fixed, 854 ; in a fiUlen 
state, 880: tn a condition of mercy, 881. 

Wyman, Prot J., on Baniceps, 885« 



YosxTOWx group, 411: 



ZCVGLOBOK, 840. 

2ine, its ores, and situiiti<Ni«5C 
Zool(«ieal pravincea,S40; cltMlflartioa,88r. 
Zooph7tsi,^48. 
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